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SUMMARY 


IfiOBLEM 


Previous  reclamation  tests  of  the  removal  of  fallout  simulant  by 
firehosing  still  left  several,  areas  requiring  further  study.  First,  the 
latest  tests  on  asphalt  streets  (in  1963)  were  not  conducted  at  a  large 
enough  scale  to  either  reveal  certain  important  operational  effects  or 
to  provide  exposure -rate  history  data  for  deriving  RNp  factors.  Second, 
results  from  earlier  tests  indicated  that  the  NRDL  experimental  flare 
nozzle  showed  considerable  promise  for  the  reclamation  of  paved  surfaces 
-  as  well  as  roofs.  However,  data  from  preliminary  test  runs  on  pave¬ 
ment  were  extremely  limited  and  sketchy.  Third,  all  meaningful  roof 
data  hod  been  obtained  from  only  two  types  of  surfaces  -  tar  and  gravel 
and  composition  shingles .  A  need  existed  for  studying  other  materials 
and  for  measuring  the  effects  of  simulant  particle  size  on  firehosing 
removal  effectiveness.  In  order  to  meet  these  requirements  a  three 
phase  experimental  operation  was  initiated. 

FINDINGS 

Three  separate  experiments  were  performed  at  differentiae  ales  of 
operation.  In  all  cases,  sand  tagged  with  radionuclide  La  u  was 
dispersed  over  the  test  surfaces  to  simulate  fallout  conditions .  The 
scope  of  the  test  is  tabulated  below  in  texmis  of  the  mass  loadings  used. 


O 

Scale  of  Test  Tost  Surface  Nozzle  Nominal  Mass  loading  (g/ft ) 

Type  Particle  Size  Range 

_ __ _ _ ^-TfT a _  300-600~It 


Engineering 

Pavement 

Flare 

5,25,  &  100 

5  &  25 

Full 

Pavement 

Fire 

25  &  100 

5  &  25 

Limited 

Roofs 

Flare 

12,25,50,  &  100 

5  &  25 

Engineering 

and 

Fire 

12,25,50,  &  100 

5  &  25 
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The  findings  are  os  follows: 

In  general,  it  may  be  concluded  for  both  asphalt  pavements  and 
roofing  materials  that: 

1,  Effectiveness  of  reclamation  by  firehosing  improves  as  surface 
roughness  decreases . 

Larger  (300-600  n)  particle  sizes  are  more  easily  removed  than 
the  smaller  (00-177  h)  particle  sizes. 

3.  Removal  effectiveness  improves  with  effort,  but  the  residual 
mass  is  not  significantly  reduced  after  the  second  pacB . 

h,  The  effect  of  mass  loading  upon  firehosing  effectiveness  is  not 
predictable  because  it  varies  with  surface  roughness,  particle  size  and 
nozzle  design. 

During  the  engineering-scale  tests  on  asphalt,  the  flare  nozzle 
failed  to  exhibit  a  reclamation  performance  that  was  consistently 
superior  to  the  standard  fire  nozzle  for  a  signifj cant  number  of  the 
combinations  of  mass  loading  and  particle  size  tested. 

The  full-scale  tests  on  asphalt  showed  that  operational  factors 
prevent  the  reclamation  effectiveness  from  ever  equaling  that  achieved 
at  an  engineering  scale  »  no  matter  how  much  effort  is  expended.  From 
the  exposure  rate  histories  it  was  found  that  the  exposure  reduction 
factor  (RNp)  for  either  the  nozzle  man  or  the  vehicle  operator  is  not 
significantly  influenced  by  pavement  surface  roughness,  fallout 
particle  size  or  mass  loading. 

The  roof  firehosing  tests  demonstrated  the  superiority  of  the 
flare  nozzle  as  a  reclamation  tool.  Fiberglass  showed  great  potential 
as  a  durable,  eaoy-to-clean  roofing  material. 
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RJRF03K  AND  OBJECTIVES 


This  report  describes  three  separate  reclamation  experiments  that 
employed  firchooing  qo  the  rollout  removal  method.  Two  of  the  fire- 
hoaing  experiments  were  on  asphalt  streets  and  conclude  the  teat  aeries 
started  in  1963.  The  thii'd  experiment  involved  the  reclamation  of  roof- 
ing  materials  and  ia  a  renowal  of  earlier  investigations  conducted  by 
thio  laboratory  at  San  Bruno  In  1952  and  again  ot  Camp  Stoneman  in  1956 
and  1956. 

The  woi'k  performed  in  19&3  studied  the  effects  of  fallout  particle 
size,  mas3  loading,  effort  expended  and  removed  rate  upon  the  pe if o nuance 
of  f irehosing  on  contaminated  asphalt  streets.  Although  complete  in 
themselves  the  teste  were  not  conducted  at  a  large  enough  scale  to 
either  fully  observe  and  document  operational  effects  or  to  obtain  the 
measurements  needed  for  determining  exposure  reduction  factors  ~  RNp 
values.  c 


Results  from  tests  at  Stoneman  II  demonstrated  the  advantages  of  an 
experimental  flai'e  nozzle  which  proved  to  be  as  effective  as  the  standard 
fire  nozzle  on  roofn.  More  important#  the  flare  nozzle  required  about 
25  $  loss  water  per  square  foot  of  roof  surface  cleaned  and  was  less 
fatiguing  to  manipulate  than  the  fire  nozzle.  Those  two  advantages 
made  the  flai'e  nozzle  worth  considering  as  a  tool  for  the  reclamation 
of  paved  areas. 


Although  a  number  of  firchooing  tests  have  been  performed  on  roofs, 
they  have  been  confined  largely  to  only  two  types  of  surface  -  tar  and 
gravel  and  composition  shingles.  In  addition,  thene  teats  were  not; 
designed  to  determine  the  influence  of  particle  size  upon  hive-hosing 
effectiveness.  Thus,  knowledge  of  roof  reclamation  needed  updating  in 
order  to  attain  o  status  comparable  to  that  of  pavement  reclamation. 


In  the  interest  of  conserving  time  and  making  the  most  of  the 
available  equipment  and  supplies ,  0  three-phase  experimental  operation 
was  planned.  Each  phase  was  designed  to  satisfy  one  of  the  aforementioned 
requirements . 

The  objectives  of  Lhc  three  phases  were  as  follows: 

Plinse  1.  To  conduct  engineering-scale  tests  of  the  NRDL  flare 
nozzle  on  asphalt  pavement  for  comparison  with  previous  tests  with 
standard  fire  hozzle. 


Phase  2.  To  observe  the  operational  problems  and  to  record  the 
exposure  rate  histories  of  reclamation  crews  during  the  full-scale 
fire hosing  tests  on  asphult  pavement. 


\ 


Phafie  3>  To  compare  the  cdeoniiift  eiToctivcnoor*  of  the  fire  no/,  ale 
and  the  flare  nozzle  on  selected  roofing  material  a  at  a  limited  engi¬ 
neering  scale. 

The  cffecta  of  mao  a  londlng  and  particle  size  wore  studied  in 
connection  with  each  of  the  three  phases. 


SCOPE 


'the  three  separate  experiments  were  conducted  ut  different  scales 
of  operation.  The  iteope  of  the  tcata  In  tabulated  hel ow  in  termn  nl'  th« 
111a sa  .load ins  ur.ecl. 


p 

Beale  of  Tent  Tost  Surface  Nozzle  Nominal  Mass  Loading  (ft/ft') 

Type  _ Particle  Si zs  Range 


88-177  ii 

300-600  n 

Engineering 

lpvemont 

Flare 

5,2^,  &  300 

5  ft  25 

Full 

Pavement 

Fire 

25  &  100 

5  ft  25 

Limited 

Roofs 

Flare 

12,25,50,  &  300 

5  ft  25 

Engineering 

and 

Firo 

12,25,50,  &  100 

5  ft  25 

The  three  scales  of  experimentation  indicated  in  the  Luble  are 
defined  below: 


*  t*  *1  >  ».  »  ♦  A.  XI  l|*»  1/  \»  cl  J.  w 


tea  ting  a  portion  of  f*  target  surface  that 


is  less  than  2000  rt<-  but  utlll  large  enough  to  permit  the  realistic 
application  of  full -sized  reclamation  equipment.  In  this  case  the  tent 
area  comprised  a  short  section  of  street  Included  between  the  center 
lino  and  one  curb.  This  permitted  direct  comparison  with  previous 


engineering-scale  tests . 


b.  Full  Scale  -  testing  a  complete  target  component  sufficiently 
greater  than  2000  ft2  to  obtain  operational  information  including 
estimates  of  recovery  crew  exposure.  The  full  curb-to-curb  width  of  a 
street  extending  the  equivalent  of  one  city  block  was  used. 


c.  Limited  Engineering  Beale  -  similar  to  Engi nee ring  Beale  except- 
that  the  test  surface  is  limited  to  500  fty  or  less.  Only  a  fraction 
of  the  surfaces  for  the  roof  tests  was  instrumented,  since  it  was  not 
feasible  to  construct  entire  roof  sections  of  each  material  tested. 
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FINDINGS 


J 


In  comparing  the  effects  of  nozzle  dcoLgn  on  I’trohon t iv*:  of  asphalt 
pavement,  the  performance  of  the  ''lare  nozzle  surpassed  Hint  of  the  fire 
nozzle  in  the  removal  of  the  smaller  elzed  particles  (iJd-l/Y  g)  and  than 
only  at  macs  loadings  e .1  gn L f leant ly  lean  than  100  g/ftfc.  For  the  re¬ 
maining  test  conditions  of  thin  phase,  the  fire  nozzle  was  equal  or 
superior  to  (.ho  flare  nozzle. 

Dose  rube  historian  of  the  full  ocale  teste  on  an  asphalt  street 
revealed  that  the  exposure  reduction  factors  (HN„  values)  were  0.20  to 
0.27  for  nozzle  men  and  0.07  to  0.11  for  the  tow  truck  driver,  when 
restricted  to  a  consideration  of  just  the  radiation  contributed  by  the 
contaminated  street. 

The  superiority  of  the  flare  nozzle  over  the  fire  nozzle  In  clean- 
ing  roofs  was  exhibited  on  all  the  materials  tested.  Isolated  e-xeep* 
tiona  occurred,  however,  when  encountering  maos  loadings  of  100  g/ft  or 
particle  sizes  of  300-600  Lb.  Tills  refloated  the  trend  noted  earlier  in 
the  results  of  the  teste  on  asphalt . 

CONCLUSIONS 

In  general,  it  may  be  concluded  Tor  both  aaphall  pavement a  and 
roofing  materials  that: 

1.  Effectiveness  of  reclamation  by  flrchontnp  improves  ns  surface 
roughness  decreases  . 


Larger  ( 300=000  p)  particle  sizer, 
the  smaller  (88*177  P )  particle  oIzqg. 


are  more  easily  removed  Chon 


3.  Hemoval  c Hoc ti venose  improves  with  effort,  hut  the  residual 
mass  iG  not  significantly  reduced  after  the  nncond  nans . 

1| .  The  effect  of  mass  loading  upon  flrchoslng  effectiveness  Jr.  not 
predictable  because  it  varies  with  surface  roughness .  particle  size  and 
nozzle  design. 


During  the  engineering-scale  touts  on  asphalt,  the  flare  nozzle 
failed  to  exhibit-  a  reclamation  performance  that  was  conn  Intently 
superior  to  the  standard  fire  nozzle  for  a  significant  number  of  the 
combinations  of  maos  loading  and  particle  size  tested. 

The  fui  l-scale  toots  on  asphult  showed  that  operational,  factors 
prevent  the  reclamation  effectiveness  from  ever  equaling  that  achieved 
at  an  engl'  ‘ering  scale  -  no  mutter  how  mucli  effort  is  expended. 


U 


prom  Uh:  <.vo.hu. uro  rati*  i...  •  r . <.:  : w»; 
tion  factor  (HH.,)  .‘'or  *.  i  then  tin?  a  . 

UOt  a  i  i*;i  i  ficantlj-  i  <  !  .1  •  l  i  ..  :  • 

parllclo  u  I '■>'  i  <iu: -  ! 0.1.1.:.  . 


■  i.,  i  !i,a.  tiiO  exposure  reduc * 
,  or  the*  vehicle  operator  in 
ii* I'ncM  i‘  >1/  a  .  fallout. 


The  roof  i  nr,  ;  ec lc  djr.u 

f  I  tiro  uo;;zlo  m;  a  roc  I  •  n  •  •!  . 

oo  a  Uurun lo ,  eucy-i  --lean  j-oofinr 

r<  rcc  ot-uu  :n  d  at  i  o?i:  . 

I'Vom  tiio  ronulu.  and  conclusion:;  oatn.nui  in  the  ser test  of  fire- 
liOB Ing  teal. a,  fist*  f'n liovi I n;*  roropiTiiantlntionn  are  made. 

.1 .  Invent! ^ato  feasibility  of  maru.fnol.ure  and  distribution  of 
NKDL  flare  noanlor.  to  recovomole  eoisciuiHtics  and  facilities  located  in 
potential  fallout  areas . 

ii.  If  (i)  in  fear* lot*',  employ  too  iJih)|,  flare  non  stile  on  roofs  and 
in  confined  paved  areas  whore  !t.  is  not  p.  ,..i !  bj.«?  to  take  advnntur,e  of 
the  long  roach  of  the  water  strains  characteristic  of  fire  nonsles . 


l.;at  i 


•■it  -  .  |l  .,1  rt  ’  ,»t  !  »  ..  i-\*m  *  i\,*i 

eupli  x  v>  j  Oi  C 

a  mowed  f-u'Gat  potential 


j.  Consider  the  use  of  smoother  oriuten,  ouch  tu  fiberglass- 
epoxy,  for  roofs  on  vital  u true lure a  that  are  1  ikely  to  require  rec Initia¬ 
tion  coon  after  be! nr.  contaminated  by  in!  ) om. . 


U,  Conduct  Lest.: 
tic  scale,  or  find  a  « 

h  r>  1 1  \n  1  I  m  |  l  o rl  -  r:  •  '  ■-*  J  j  * 
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on  roof i  w;  motor ; a: a  at  a  larger  and  more  rt alic 
n liable  method  for  ranine,  operational  adjustments 
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SECTION  I 


INTRODUCTION 


This  report  describes  throe  separate  reclamation  experiments  that 
employed  firehosing  us  the  fallout  removal  method.  Two  of  the  fire¬ 
hosing  experiments  were  on  asphalt  streets  and  conclude  the  test  series 
started  in  1963.  The  third  experiment  involved  the  reclamation  of 
roofing  materials  and  is  a  renewal  of  earlier  investigations  conducted 
by  this  laboratory  at  San  Bruno  in  19521  and  again  at  Camp  Stoneman  in 
1956s  and  1958. 3 


1.1  BACKGROUND  AND  HISTORY 


The  work  performed  in  1963  studied  the  effects  of  fallout  particle 
size,  mass  loading,  effort  expended,  and  removal  rate  upon  the  per¬ 
formance  of  fire hosing  on  contaminated  uspbalt  streets.  The  tests 
were  conducted  at  an  engineering  scale;  i.e.,  the  test  surface  was 
limited  to  a  short  section  of  street  included  between  the  center  lino 
and  one  curb.  Although  complete  in  themselves,  these  tests  did  not 
reveal  the  adverse  operational  effects**  that  could  accompany  a  full- 
scale  test  performed  from  curb  to  curb  and  200  or  300  ft  down  the 
length  of  a  typical  street.  Because  of  the  limited  scale,  it  was  not 
possible  to  obtain  data  necessary  for  deriving  exposure  reduction 
factors  (RNg  values)  for  the  firehosing  team. 

*  The  results  of  the  1963  firehosing  test  series  are  to  be  reported  in 
a  forthcoming  USNRDD  TR  by  the  authors  entitled  "Removal  of  Simulated 
Fallout  From  Asphalt  Streets  by  Firehosing  Teehnicjues.  ” 

^♦Increased  surface  area  can  lead  to  excessive  build-up  of  accumulated 
contaminant  (see  Section  2.5.1  b).  Increases  in  the  number  of  reela- 
mation  personnel  usually  reduce  operational  efficiency. 
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Results  from  tests  at  Stonemsn  II  demonstrated  the  advantages  of 
an  experimental  flare  nozzle  used  in  firehooing  roofs.  This  nozzle 
provided  a  flat,  fan-shaped  stream  which  was  ideal  for  working  at  close 
range.  It  proved  to  be  as  effective  as  the  standard  fire  nozzle. 

More  important,  the  flare  nozzle  required  about  £5  $  less  water  per 
squai’e  foot  of  roof  surface  cleaned  and  was  less  fatiguing  to  ma¬ 
nipulate  than  the  fire  nozzle.  These  two  advantages  made  the  flare 
nozzle  worth  considering  as  u  tool  for  the  reclamation  of  paved 
areas . 

Although  a  number  of  fire.  '>'•  ig  tests  have  been  performed  on  roofs, 
they  have  been  confined  largely  .  o  only  two  types  of  surface  -  tar  and 
gravel  and  composition  shingles.  In  addition,  these  tests  were  not 
designed  to  detennine  the  influence  of  particle  size  upon  firehosing 
effectiveness.  Thus,  knowledge  of  roof  reclamation  needed  updating  in 
order  to  attain  a  status  comparable  to  that  of  pavement  reclamation. 

In  the  interest  of  conserving  time  and  making  the  most  of  the 
available  equipment  and  supplies,  a  three-phase  experimental  operation 
was  planned.  Bach  phuse  was  designed  to  satisfy  one  of  the  afore¬ 
mentioned  requirements. 


1.2  OBJECTIVES 


The  objectives  of  the  three  phases  wore  as  follows: 

Phase  1.  To  conduct  engineering-6cale  tests  of  the  NRDL  flare 
nozzle  on  asphalt  pavement  for  comparison  with  previous  tests  with  a 
standard  fire  nozzle. 

Phase  2.  To  observe  the  operational  problems  and  to  record  the 
exposure  rate  histories  of  reclamation  crews  during  the  full-scale 
firehosing  tests  on  asphalt  pavement. 

Phase  3.  To  compare  the  cleaning  effectiveness  of  the  fire 
nozzle  and  the  flure  nozzle  on  selected  roofing  materials  at  a  limited 
engineering  scale. 

The  effects  of  mass  loading  and  particle  size  were  studied  in 
connection  with  each  of  the  three  phases. 


1.3  EXPERIMENTAL  APPROACH  AND  SCOPE 


The  three  separate  experiments  were  conducted  at  different  scales 
of  operation.  The  scope  of  the  tests  Is  shown  in  Table  1.1,  In  terms 
of  the  mass  loading  used. 


TABLE  1.1 

Basic  Conditions  of  Tests 


Scale  of  Test 


Test 

Surface 


Nozzle 

Type 


Nominal  Mass  Loading  (g/ft2) 
Particle  Size  Ran^e 

88-177  p  300-600  p 


Engineering 

Pavement 

Flare 

3,25,  &  loo 

5  &  25 

Full 

Pavement 

Fire 

25  &  ioo 

5  &  25 

limited  Engin¬ 

Roofs 

Flare 

12,25,50,  &  100 

5  4  25 

eering 

and 

Fire 

12,25,50,  &  100 

c  ?  25 

The  three  scales  of  experimentation  indicated  in  Table  1.1  are 
defined  below: 

a.  Engineering  Scale  -  testing  a  portion  of  a  target  surface  that 
is  less  than  2000  ft2  but  still  large  enough  to  permit  the  realistic 
application  of  full-sized  reclamation  equipment.  In  this  case  the  test 
area  comprised  a  short  section  of  street  included  between  the  center 
line  and  one  curb.  This  permitted  direct  comparison  with  previous 
engineering -sc ale  tests. 

b.  Full  Scale  -  testing  a  complete  target  component  sufficiently 
greater  than  2000  ft2  to  obtain  operational  information  including  esti¬ 
mates  of  recovery  crew  exposure.  The  full  curb-to-curb  width  of  a 
street  extending  the  equivalent  of  one  city  block  was  used* 

c.  Limited  Engineering  Scale  -  similar  to  Engineering  Scale 
except  that  the  test  surface  is  limited  to  300  ft2  or  less.  Only  a 
fraction  of  the  surfaces  for  the  roof  tests  was  instrumented,  since  it 
was  not  feasible  to  construct  entire  roof  sections  of  each  material 
tested.  (The  roof  mock-up  used  is  described  in  Section  II.) 


Six  of  the  maoc  loading  and  particle  aiae  combinations  shown  In 
Table  1.1  are  within  the  range  of  values  consistent  with  Miller '3  con¬ 
cept  of  a  fallout  scaling  system.^  Radiological  conditions  correspond¬ 
ing  to  these  combinations  are  given  in  the  following  table.  These 
standard  exposure  rates,  weapon  yields,  and  downwind  distances  were 
derived  from  the  work  of  Clark  and  Cobbin  (Ref.  5,  App.  C),  which,  in 


turn,  was 

an  extension  of  Miller1 

•s  fallout  model. 

Particle 

Siae 

Range 

<H) 

Exposure  Rato  at  One  Hour  (r/hr) 
Nominal  Mass  Loadings  (g/ft  ) 

Kiloton 

Yield 

Miles 

Down¬ 

wind 

5 

12  2k 

50  100 

08-177 

300-600 

X 

700 

12,000 

(1,700)  (3, *00) 

(25,000)  (50,000) 
X  X 

25,000 

100 

90 

12 

Note:  Exposure  ratesTsKcwn  in  parentheses  are  the  result  of  multiple 


bursts . 


The  remaining  three  combinations,  indicated  by  the  X'g  in  the  a.  ove 
table,  were  not  derived  from  Miller's  model.  They  were  added  arbitrar¬ 
ily  to  take  advantage  of  open  spaces  in  the  weekly  schedule. 
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SECTION  II 


EXPERIMENTAL  PREPARATION  AND  PROCEDURES 


2.1  DESCRIPTION  OF  TEST  SITES 


Different  test  sites  vere  used  for  each  test.  The  flare  nozzle 
was  proof -tested  on  the  test  strip  used  in  previous  flrehosing  testB, 
which  were  of  engineering  scale.  In  these  tests  only  the  asphalt  half 
of  the  test  strip,  from  the  center  line  to  one  curb,  was  used.  The 
surface  was  asphaltic  concrete,  vhloh  had  an  even,  coarse-grained  tex¬ 
ture.  The  asphalt  test  section  was  l4  ft  wide  and  95  ft  long. 

The  full-scale  tost  on  the  reclamation  of  asphalt  pavement  by 
firehosing  was  conducted  on  a  section  of  street  32  ft  wide  and  280  ft 
long.  The  full  width  of  the  street  was  used  from  curb  to  curb.  Three- 
quarters  (24  ft)  of  the  street  width  along  one  curb  was  smoothly  tex¬ 
tured,  but  the  remaining  quarter  (8  ft  along  the  other  curb)  was 
coarse -textured  for  the  entire  length  of  the  test  section. 

The  limited  engineering-scale  tests  of  the  fire  and  flare  nozzles 
on  roofing  materials  used  the  roof  mock-up  shown  in  Fig.  2.1.  This 
mock-up  consisted  of  a  plane  12  ft  deep  and  l6  ft  wide,  with  a  slope 
of  3*5  in. /ft.  A  4  X  8-ft  recess  for  the  various  test  panels  of  roof¬ 
ing  materials  was  centered  longitudinally  in  the  plane.  The  surface 
surrounding  the  test  panel  opening  was  covered  with  fiberglass  in 
which  coarse  sand  was  imbedded  to  make  a  safe  walkway  for  test  person- 
nel.  Sixteen  panels  (4x0  ft)  were  employed  to  test  the  following 
roofing  materials:  fiberglass,  asphaltum,  corrugated  metal,  and  compo¬ 
sition  shingle. 

The  fiberglass  surface  was  mode  by  imbedding  a  single  layer  of 
glass  fabric  in  an  epoxy  resin  which  formed  a  permanent  bond  with  the 
plywood  panel.  Asphaltum  test  panels  were  made  by  trowelling  Lay  Kold 
Walk-top  (a  mineral-filled,  fibrous,  bituminous  composition)  onto  ply¬ 
wood,  The  corrugated  metal  sheet  and  the  heavy-weight  square -tubbed 
composition  shingles  were  applied  to  the  panels  with  nai Is  in  the  con¬ 
ventional  manner. 


5 


rag.  <2.1  Roof  Mock-up  Showing  b  x  8-ft  ponel 
Compooition  Shingles  in  Place  foi'  Testing. 


of 
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2-2  FTREH0S1NG  EQUIPMENT 


Two  types  of  nozzle  were  used  in  these  teste.  fr.e  standard 
tapered  fire  nozzle  (.1-1/2  in.,  with  a  5/6-in.  bore)  formed  a  slender 
cone-shaped  stream  of  water  at  nozzle  pressures  of  60  and  75  psi  -  The 
experimental  NRDL  flare  nozzle  (.1  in.,  with  an  elliptical  orifice 
3/8  X  9/l6  in..  Fig.  2.?)  delivered  a  flat,  fan-shaped  stream  of  water 
at  nozzle  pressures  of  ISO  and  160  psl . 

In  these  testa  the  nozzles  were  always  used  with  standard  firehos- 
log  equipment.  A  fire  pump  inserted  into  the  system  at  the  fire  hyd- 
rant  delivered  water  through  a  2-1/2 -in.  fire  hose  to  a  wye -gats  at  the 
test  area.  For  the  engineering  and  limited* engineering  scale  teats, 
one  branch  of  the  wye  gate  supplied  water*  to  the  nozzle  through  a 
l-l/2-in.  fire  hose.  A  by-pass  hoae  connected  to  the  remaining  branch 
and  valve  assembly  at  the  wye-gate  were-  used  to  adjust  the  nozzle  pres¬ 
sure  and  flow  rate.  For  the  full  scale  testa,  each  branch  of  the  wye 
gate  supplied  water  to  d  1-1/2  in.  fire  hose,  and  adjustments  to  pres¬ 
sure  and  flow  were  made  at  the  pump. 

The  following  table  euantoiivos  the  values  of  the  hydrodynamic 
parameters  characterizing  the  two  nozzles. 


M.mm„  ■■  m  ■■ »  -•  - 1 tfT^rjjea=:.z.*nsr. rruu-’.rzv.rrer: -mu urt; rr ^ Sfr»i 


Nozzle 

Type 

Test 

Surface 

Noztle 

Orifice 

(ir.) 

Nozzle 

Pressure 

(pal) 

Nozzle 

Thrust 

(lb) 

Flow 

Rate 

(SP*r>) 

Standard 

Pavement 

?/e 

75 

46 

100 

Fire 

Roofs 

VO 

60 

V 

89 

NDDL 

Pa  vomer,  l 

3/8  x  9/16 

16c 

46 

?c 

Flare 

Roofs 

3/6  X  9/16 

120 

36 

6(j 

2.3  SIMULANT  PRODUCTION  AND  DISPERSAL 


The  fallout  simulant  and  dispersing  equipment  were  of  the  type 
used  in  the  1963  tests  at  Camp  Parks  (see  footnotes  on  page  l) .  These 
tests  used  fallout  simulant  in  two  particle  size  ranges  (88-177  p  and 
300-600  p).  The  simulant  was  sieved  from  commercial  sand,  tagged  with 
the  radionuclide  Lal^O,  and  sealed  against  leaching.  For  further  in¬ 
formation  on  the  development  of  the  fallout  simulants  see  Ref.  6. 

Uniform  mass  loadings  on  all  surfaces  were  achieved  by  dispersing 
the  simulant  over  a  known  area  with  a  calibrated,  hand-operated  lawn 
spreader.  The  average  mass  loading  per  square  foot  was  calculated 
from  the  actual  weight  of  simulant  used  in  each  test. 


2.4  RADIATION  INSTRUMENTATION 


The  principal  instrument  for  measuring  residual  mass  loading  was 
the  mobile,  shielded  and  collimated  gamma -detector.  This  field  instru 
ment  employs  a  sodium  iodide  scintillation  crystal,  coupled  to  a 
photomultiplier  tube  within  a  thick  lead  shield.  The  detector's  physi 
cal  characteristics  are: 

a.  Crystal  -  1  X  1  in,  cylinder  approximately  1  meter  above  the 
surface. 

b.  Lead  shield  -  4  in.  thick  with  a  collimated  1-in.  diameter 
aperature . 

c.  Field  of  view  -  subtended  by  a  cone  having  an  included  angle 
of  140, 

The  standard  AN/FDR-27F  radiac  was  used  for  back-up  surveys  in 
case  of  malfunctioning  of  the  mobile  gamma -detector .  The  radiac  also 
was  used  to  collect  the  exposure  rate  history  data  of  the  recovery 
crews . 

The  4-pi  ionization  chamber,  a  stationary  laboratory  instrument, 
was  used  for  simulant  production  control.  Details  of  this  and  the 
above  instruments  are  to  be  found  in  Ref.  7. 


2.5  TEST  PROCEDURES 


2.5.1  General  Sequence  of  Operation 

A  typical  test  was  carried  out  in  the  following  sequence.  The 
test  area  (whether  pavement  or  roof)  was  thoroughly  flushed  of  all 
residue  from  previous  tests  and  then  allowed  to  dry.  The  residual 
background  radiation  level  was  measured.  Fallout  simulant  at  a  selec¬ 
ted  mass  loading  and  particle  size  range  was  dispersed  over  the  test 
area  and  Initial  radiation  measurements  were  made.  The  firehosing 
operation  was  performed  as  detailed  later  in  this  section,  and  the  re¬ 
sidual  radiation  was  measured.  These  radiation  measurements  were  re¬ 
peated  after  each  additional  firehosing  pass.  All  surveys  of  asphalt 
test  areas  wex'e  made  with  the  two  kinds  of  detectors,  the  shielded 
detector  and  the  radiac  at  the  survey  stations  shown  in  Figs.  2.3  and 
2.4.  Roof  surfaces  were  surveyed  with  the  shielded  detector  only  at 
two  stations,  one  in  each  half  of  the  test  panel. 

2.5*2  Firehosing  Pavement 

The  previously  proven  frontal-sweeping  hosing  technique* was 
employed  during  both  phases  of  the  experiments  on  asphalt  paving. 

Stsarting  at  one  end  of  the  test  strip  fire  nozzles  were  played  back 
and  forth  between  the  side  lines  as  the  firehosing  team  moved  toward 
the  other  end.  Each  test  consisted  of  two  or  three  passes.  The  visu¬ 
ally  controlled  rate  of  firehosing  was  used  in  these  tests.  In  other 
words,  forward  progress  was  governed  by  the  rate  at  which  the  loosened 
fallout  simulant  appeared  to  move  down  course  ahead  of  the  water  stream. 

a.  Testing  the  Flare  Nozzle 

These  tests  were  performed  at  an  engineering  scale  on  the 
asphalt  test  strip.  The  frontal-sweeping  firehosing  technique  was  used. 
The  flare  nozzle  was  operated  at  a  nozzle  pressure  of  160  psi,  from  a 
height  of  4o  in.  and  at-  specified  ranges  in  the  interval  5  to  15  ft. 

b.  Full-Scale  Firehosing  Tests 

The  full-scale  reclamation  of  an  asphalt  street  by  firehosing, 
with  a  standard  fire  nozzle,  was  an  extension  of  the  1963  engineering- 
scale  tests.  The  basic  frontal-sweeping  technique  mentioned  above  was 
used.  The  fire,  nozzle  was  operated  at  a  nozzle  pressure  of  75  psi, 
from  a  height  of  40  In.  and  at  ranges  of  20  to  25  ft.  ^or  the  full 
width  street  a  two-nozzle  double -crew  procedure  was  employed.  Two 

*  Described  in  reference  given  in  footnote  on  page  1  . 
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STATIONS  1-9  AND  11-19  ON  10  FT  CENTERS 


Fig.  2*3  Layout  of  Asphalt  Test  Area  for  Engineering -Scale  Tests 
of  FLare  Nozzle,  Showing  Survey  Stations. 


STATIONS  1-14  ANO  21-34  ON  20  FT  CENTERS 


Fig.  2.4  Layout  of  Asphalt  Test  Area  for  Full-Scale  Test  of  Fire 
Nozzle,  Showing  Survey  Stations. 


firehosing  teams  advanced  side  by  side  down  the  street,  cleaning  it  at 
the  visually  controlled  rate.  A  pick-up  truck  tewed  the  wye -gate  and 
heavy  2-l/2-in.  firehose  to  reduce  the  number  of  men  required  to  support 
the  nozzle  operators.  Pig.  2. 5.  Three  firehosing  passes  were  made  in 
each  test.  The  exposure  rate  histories  of  the  crew  members  were  collec¬ 
ted  with  radiacs  during  the  first  pass  only. 

When  a  mass  loading  of  100  g/ft2  was  spread,  the  increased  weight 
of  simulant  called  for  a  change  in  firehosing  procedure.  Because  of 
the  accelerated  mass  build-up  of  simulant  in  front  of  the  water  streams, 
the  cleaning  rate  would  have  been  drastically  reduced  during  the  latter 
half  of  the  first  pass.  Therefore,  the  firehosing  teams  deposited  the 
contaminant  collected  from  the  first  half  of  the  test  strip  at  a  point 
near  one  curb  and  midway  between  the  ends  of  the  test  strip  (see  Fig. 
2.6).  The  team  then  continued  hoeing  the  remaining  half  and  pushed  the 
resultant  accumulation  off  the  end  o?  the  strip.  These  deposits  were 
shoveled  into  an  end  loader  and  removed  to  the  waste  pit  prior  to  the 
second  and  third  firehosing  pass.  The  latter  were  pe informed  in  the 
usual  manner  described  earlier  in  this  section. 

2.5.3  Firehosing  Roofing  Materials 

The  firehosing  procedure  for  roofs  was  a  little  different  from 
that  for  pavements.  Lower  nozzle  pressures  (fire  nozzle,  60  psi;  and 
flare  nozzle,  120  psi)  were  used  for  the  safety  of  the  nozzleman. 

Shorter  stream  ranges  were  used  for  the  fire  nozzle.  The  test  procedure 
sequence  was  as  follows: 

a.  The  roof  mock-up  (test  plane  and  roof  panel.)  was  flushed  of 
all  residue  from  previous  tests  and  allowed  to  dry. 

b.  The  test  panel  was  placed  under  the  shielded  detector  and 
the  residual  background  radiation  level  of  the  panel  was  measured.  Two 
1-min  counts  were  made  on  each  half  of  the  test  panel. 

c.  The  panel  was  repositioned  in  the  roof  plane  recess  and  the 
entire  surface  was  contaminated  with  a  selected  mass  loading  and  particle 
size  range. 

d.  The  panel  was  carefully  removed,  counted  under  the  shielded 
detector,  and  repositioned  in  the  test  roof  plane. 

e.  The  roof  panel  and  plane  assembly  were  firehosed  from  the 
peak  to  the  eaves  at  the  visually  controlled  rate. 

f.  The  panel  was  removed,  counted,  and  repositioned  for  the 
next  firehosing  pass. 

Usually  three  firehosing  passes  were  made.  During  firehosing 
ope rations,  only  one  man  (the  nozzle  operator)  was  required  on  the  roof. 
The  rest  of  the  team  stood  by  to  regulate  the  water  pressure  and  to 
handle  and  survey  the  test  panel. 


Fig.  2.5  Full-Scale  Firehosing  -  Double  Crew  Procedure, 
Utilizing  Vehicle  for  Dragging  Heavy  2-l/2-in.  Firehose. 


Fig.  2.6  Collection  of  Displaced  Simulant  Near  Mia 
Point  of  Curb  During  the  1st  Pass  of  the  100  g/ft* 
Mass  Loading  Test. 


Procedure 


2.$,k 


Radiation  measurements  were  token  periodically  during  all  tost 
runs  to  determine  background  radiation  level,  initial  radiation  level, 
and  the  residual  radiation  level  after  each  hoeing  pass*  The  mobile 
detector  routine  for  each  instrument  pass  was  as  follows: 

66 

a.  Instrument  response  was  determined  by  counting  a  (k>  radi¬ 
ation  standard  in  a  low  background  area. 

b.  At  each  survey  station  two  i-min  counts  were  made  and  recorded. 

c.  The  instrument  was  again  checked  with  the  Co®  standard. 

The  routine  for  the  27-E  radiae  was  much  simpler.  The  radiac 
response  was  checked  with  a  Co®  standard  before  and  after  each  day's 
tests.  The  measurements  at  each  survey  station  were  made  at  1  meter 
above  the  surface. 

Time  and  motion  studies  were  made  to  obtain  cleaning  rate, 
effort,  and  exposure  rate  histories  for  all  four  full  scale  recovery 
tests.  The  exposure  rate  histories  of  the  two  nozzlemen  and  the  tow 
operator  were  obtained  during  the  first  flrehosing  pass  of  each  test 
(see  Pigs.  3« 5-3-S) .  Exposure  rates  were  taken  with  a  27-F  radiac  at 
one  meter  above  the  street  surface  near  the  nozzlemen  and  inside  the 
cab  at  seat  level  near  the  tow  truck  operator.  The  measurements  were 
made  every  30  to  60  sec.,  and  the  times  were  recorded  to  complete  the 
history. 
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SECTION  III 


RESUI/FS  AND  DISCUSSION 


The  reduced  data  from  all  of  the  firehosing  performance  tests 
are  presented  In  sixteen  self-explanatory  tables  in  Appendix  A*  Thie 
information  has  been  condensed  from  raw  data  obtained  by  the  shielded 
gamma -detector  surveys  and  the  time  and  motion  studies.  The  test  re¬ 
sults  are  best  portrayed  by  the  reclamation  performance  curves  plotted 
directly  from  the  tabular  data.  It  should  be  pointed  out  that  while 
data  points  are  connected  by  straight  lines  this  does  not  necessarily 
indicate  the  path  between  any  two  successive  points. 


3.1  TESTING  THE  FLARE  NOZZLE  ON  ASPHALT  PAVEMENT 


In  order  to  compare  performances,  the  flare  nozzle  was  tested 
against  all  the  same  combinations  of  particle  size  and  maos  loading 
previously  used  with  the  fire  nozzle.  The  reduced  test  data  are  com¬ 
piled  in  Table  A.l.  Table  A. 2  contains  results  from  the  1963  tests 
(referred  to  on  page  l)  for  the  l-l/2-in,  fire  nozzle  on  asphalt  pave¬ 
ment.  Figures  3«1  and  3.2  contain  ten  performance  curves  grouped 
according  to  particle  size  range.  They  show  the  residual  mass,  M,  as 
a  function  of  effort,  E,  for  each  test, 

A  comparison  of  the  current  tests  with  the  1963  results  stows  that 
for  particle  size  range  88-177  ^the  flare  nozzle  was  more  effective 
than  the  fire  nozzle  at  mass  loadings  less  than  100  g/ft2.  For  the 
same  particle  size  range  the  fire  nozzle  was  wore  effective  against  the 
heavier  mass  loading  of  100  g/ft2.  At  the  larger  particle  size  range 
of  300-600  u  the  fire  nozzle  was  superio^  against  the  5-g/ft2  mass  load¬ 
ing,  but  its  performance  against  25  g/ft2  was  indistinguishable  from 
that  of  the  flare  nozzle. 

According  to  the  converging  behavior  of  the  solid  curves  in  Fig. 
3.1,  mass  loading  has  little  effect  on  the  performance  of  the  fire 
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nozzle  when  particle  size  is  email.  The  curves  for  the  flare  nozzle 
indicate  that,  in  general,  high  residual  mase  is  associated  with  high 
initial  mass  loading,  although  curves  for  the  !>  und  £5  g/ft2  maoe  load¬ 
ings  converge.  According  to  Pig.  3.2  this  also  appears  to  be  the  case 
for  both  nozzles  when  particle  oi2e  ic  large.  Comparing  the  fire  nozzle 
curves  of  Fig.  3*1  and  3.2  it  is  also  apparent  that,  for  maos  loadings 
less  than  100  g/ft2,  the  fire  nozzle  removes  the  larger  particles  more 
readily  than  the  smaller  ones.  In  the  case  of  the  flare  nozzle,  the 
influence  of  particle  size  Is  not  nearly  so  evident. 


3.2  RJLL-SCAIE  RECOVER*  OP  ASFHAHC  PAVEMENT  BY  FIREHOSING 


Four  firehosing  toots  were  conducted  at  full  scale  to  determine 
the  influence  of  operational  factors  on  removal  effectiveness  and  to 
obtain  exposure-rate  histories  of  hosing  crews. 

3.2.1  Removal  Effectiveness 


The  reduced  test  data  are  compiled  in  Tables  A. 3  and  A. k  for 
smooth  and  rough  surfaces,  respectively.  They  are  plotted  in  eight 
performance  curves  (Figs.  3*3  and  3»h)  of  residual  mass,  M,  versus 
effort,  E,  for  each  test. 

Both  these  families  of  curves  are  quite  similar  in  that  each 
reflects  the  finding  noted  above  for  mass  loading  effects.  That  is, 
mass  loading  influences  fire  nozzle  performance  only  when  particle  size 
is  large.  It  is  immediately  obvious,  from  comparing  the  two  families 
of  curves,  that  the  smoothly  textured  asphalt  is  cleaned  more  effec¬ 
tively  than  the  rougher'  surface.  A  comparison  of  the  residual  fractions 
in  Tables  A *3  and  A,k  shows  that  these  relative  effectivenesses  differ 
by  faetors  of  2  or  3.  The  quickly  decreasing  slope  in  all  the  curves 
indicates  that  any  gain  in  effectiveness  after  two  passes  does  not 
warrant  the  added  effort. 

The  relative  location  of  the  two  pairs  of  curves  plotted  for  a 
mass  loading  of  25  g/ft2  shows  that  the  larger  particles  are  more 
easily  removed  than  the  smaller  ones.  This  coincides  with  results  of 
previous  wet  method  tests  including  firehosing  and  street  flushing.” 

Probably  the  most  important  finding  of  these  tests  is  disclosed 
when  the  engineering-scale  and  full-scale  performances  of  the  fire 
nozzle  are  compared  for  asphalt  pavement  having  rough  textured  surfaces. 


I-7 


This  Is  possible  by  noting  the  relative  location  of  the  fire  nozzle 
curves  in  Figs.  3‘2  and  Such  a  comparison  shews  that,  in 

general,  the  reclamation  effectiveness  at  an  engineering  scale  is  an 
order  of  magnitude  better  than  that  achieved  at  full  scale.  In  other 
words,  the  introduction  of  more  realistic  conditions  involving  increased 
equipment  and  operators  prevents  the  effectiveness  of  full-scale  tests 
from  equalling  that  of  smaller  engineering -scale  tests  -  no  matter  how 
much  effort  i  '>  invested.  This  points  up  the  need  for  either  extending 
reclamation  studies  to  include  full-scale  tests  of  a  number  of  methods 
and  equipment  not  yet  tested  beyond  the  engineering  scale  or  estimating 
the  decreased  effectiveness  expected  of  full-scale  reclamation. 

3* 2.2  Recovery  Exposure 

The  planning  of  recovery  operations  requires  estimating  the  ex¬ 
posure  which  recovery  crews  are  expected  to  receive.  These  full-scale 
tests  afforded  an  opportunity  to  estimate  the  exposure  to  firehosing 
teams  and  derive  exposure  reduction  factors. 

Exposure  Reduction  Factor,  RNg.  A  suitable  formula  for  calcula¬ 
ting  recovery  crew  exposure  has  been  available  for  some  time.*  It  is 
given  in  the  simple  form 

D2  =  RN2  D2  U) 


where  Dg  is  the  actual  recovery  crew  exposure. 

Dg  is  the  potential  exposure  during  the  reclamation  period,  if 
the  original  field  were  unaffected  by  the  reclamation  effort. 
RNg  is  the  exposure  reduction  factor. 

By  rearranging  terms,  a  convenient  working  equation  can  be  written 
which  shows  how  RNg  values  are  estimated  from  experimental  results. 


the  product  IjAt  j  repx’esents  the  area  of  an  incremental  strip  under  an 
operator  exposure -rate  history  curve  (refer  to  Fig.  3*  5) -  J0  is  the 
average  initial  exposure  rate  in  the  contaminated  area,  and  t  is  the 
total  time  of  the  recovery  operation.  lixperimental  values  of  IQ  are 


*The  derivation  is  given  in  Ref.  9.  Experimental  applications  are 
shown  in  Refs.  6  and  7° 


obtained  from  survey  readings  taken  along  the  path  a  given  operator  is 
expected  to  take  through  the  contaminated  area.  When  this  path  cannot 
be  reasonable  predicted,  IQ  is  calculated  from  a  grid  survey  of  the 
complete  area.  In  the  case  of  firehosing  isolated  areas  (as  in  these 
full  scale  tests),  team  members  will  never  be  subjected  to  I0.  The 
bulk  of  the  fallout  simulant  continuously  recedes  along  a  front  located 
20  to  30  ft  away  from  the  nozzle  operator.  Therefore,  the  firehosing 
team  is  never  exposed  to  a  radiation  dose  rate  equal  to  I0.  In  a  real 
fallout  situation,  however,  the  contributions  from  contaminated  sur¬ 
roundings  could  offset  any  gains  resulting  from  the  reduction  of  an  Ic 
in  an  isolated  area  due  to  firehosing  (or  any  other  method).  Refs.  4, 

6  and  9  treat  these  more  complex  radiological  situations  in  considerable 
detail. 

Exposure  Rate  History.  In  order  to  obtain  values  for  the  numerator 
of  Eq.  2,  exposure  rate  histories  were  taken  of  all  four  fullscale  fire¬ 
hosing  tests.  Frequent  measurements  were  made  of  the  changing  gamma 
exposure  rote  with  27-F  radiacs  close  to  each  nozzleman  and  the  tow  truck 
operator  during  the  10-to-l4  min  time  interval.  These  exposure  rate 
history  plots  are  presented  in  Figs.  3.5  through  3.8,  and  the  results 
are  summarized  in  Table  3.1. 

Teble  3»1  is  a  solution  to  Eq.  2  in  terms  of  RN^  values  for  the 
various  starting  conditions  and  tasks.  Comparing  the  results  associated 
with  the  nozzlemen,  the  RNg  values  identified  with  the  rough  and  smooth 
surfaces  differ  by  an  amount  ranging  from  9  to  23  %  However,  there  are 
no  apparent  trends  in  the  RN^  value  attributable  to  surface  texture. 
Furthermore,  neither  particle  size  range  nor  mass  loading  has  any  marked 
effect  upon  the  magnitude  of  the  exposure  reduction  factor  for  either 
the  nozzleman  or  the  tow  truck  operator. 

Each  set  of  exposure  rate  history  curves  in  Fig.  3*5>  3«6  and  3*7 
exhibit  the  same  characteristic  shapes  and  relative  orientation  among 
the  curves.  Fig.  3 >8  shows  a  severe  departure  from  this  pattern  as 
evidenced  in  the  sharp  peaks  in  all  three  history  curves.  These  in¬ 
creases  in  exposure  rate  are  due  to  the  heavy  accumulation  of  simulant 
deposited  midway  through  the  test  as  explained  in  Section  2.5.2b.  Thus, 
heavy  mess  leadings  (such  as  the  100  g/ft^  concentration)  can  be  ex¬ 
pected  to  cause  peaks  in  exposure  rate  histories  > 

This  does  not  necessarily  imply  that  resulrant  RH^  factors  will 
increase.  For  the  test  in  question  KNg  factors  for  the  nozzlemen  are 
near  the  average  values  shown  at  the  bottom  of  Table  3  °1 •  On  the  other 
hand  the  RNg  value  for  the  tow  truck  operator  is  the  largest  among  the 
four  tests  ( 30%  greater  than  the  average).  Due  to  vehicular  shielding, 
RN^  values  .t'or  tow  truck  operators  are  l/4  to  l/2  that  of  the  nozzlemen. 


EXPOSURE  RATE  I0 

10 1—  (mr/hr) 


•  NOZZLEMAN  ON  ROUGH  TEXTUREO  ASPHALT  18 

•  NOZZLEMAN  ON  SMOOTH  TEXTURED  ASPHALT  1  7 

A  TOW  TRUCK  OPERATOR  18 


TIME  (mir.) 


Fig.  3«5  Exposure  Rate  History  for  Recovery  of  Asphalt  Pavement  by 
Firehosing;  Full  Scale  Test,  300-bOOn,  4.4  g/ft^. 


EXPOSURE  RATE  <  mr/hr) 


Fig.  3*6  Exposure  Rate  History  for  Recovery  of  Asphalt  Pavement  by 
Firehosing;  Full  Scale  Test,  300-600m>  2k.2h  g/ft2. 


EXPOSURE  RATE  ( mr/hr ) 


TIME  (mm) 


Pig.  3.7  Exposure  Rate  History  for  Recovery  of  Asphalt  Pavement  by 
Firehosing;  Full  Scale  Test,  88-177n,  25.02  g/ft2. 


EXPOSURE  RATE  (mf/hf) 


0  2  'l  6  0  10  12  14  16 

TIME  (min) 


Pig.  3*0  Exposure  Rate  History  for  Recovery  of  Asphalt  Pavement  by 
Fire hosing;  Full  Scale  Test,  G8-177h>  928;  g/ft^. 
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one  being  reclaimed  would  continue  to  contribute  to  the  crew  exposure 
until  the  entire  recovery  operation  was  completed. 


3.3  FIREHOSING  OF  ROOFING  MATERIAL'S 


These  tests  compare  the  reclamation  effectiveness  of  the  fire  and 
flare  nozzles  on  the  following  roofing  materials:  composition  shingle, 
corrugated  metal,  fiberglass,  and  asphaltum.  The  reduced  data  are  com¬ 
piled  in  Tables  A.5-A.16  and  are  plotted  as  performance  curves  in  Figs# 
3.9-3*26,  showing  residual  mass  as  a  function  of  effort. 

3*3*1  Effects  of  Nozzle  Design  and  Roofing  Material 

The  effects  of  nozzle  design  and  roofing  material  on  reclamation 
by  firehosing  are  shown  in  figs*  3*9-3*16  for  particle  size  range  88- 
177  u*  Figures  3.17-3*20  show  these  some  effects  for  pai'ticle  size 
range  300-600  |i.  Generally,  the  curves  were  consistently  paired  accord¬ 
ing  to  nozzle  design  with  the  flare  nozzle  being  more  effective  than 
the  fire  nozzle.  Two  exceptions  occur  in  Figs.  3.16  and  3. 20  for  cor¬ 
rugated  metal  where  the  difference  in  performance  due  to  nozzle  design 
is  not  significant. 

From  the  consistent  spacing  between  the  appropriate  curves  from 
each  pair  of  figures  it  is  obvious  that  removal  effectiveness  is  a 
direct  function  of  surface  roughness.  Therefore  the  roofing  materials 
may  be  ranked  in  order  of  decreasing  effectiveness  according  to  their 
increasing  surface  roughness:  (l)  fiberglass,  (2)  asphaltum,  (3)  cor¬ 
rugated  metal,  and  (k)  composition  shingle.  An  exception  to  this  rank¬ 
ing  is  depicted  in  Fig.  3*1°  vhen  fiberglass  appeared  to  be  no  better 
than  composition  shingle.  However,  it  was  discovered  that  the  panel 
used  in  this  test  was  not  completely  cured .  As  a  result  some  simulant 
became  permanently  imbedded  in  the  epoxy  layer  softened  by  the  heat  of 
the  sun.  This  would  not  have  happened  if  the  epoxy  had  been  mixed  in 
the  correct  proportions. 

The  adhesion  of  the  asphaltum  to  the  smooth  plywood  surface  was 
so  poor  that  the  force  of  the  fire  nozzle  stream  eventually  ruined  the 
panels.  This  resulted  in  a  loss  of  some  data  points  -  in  particular 
see  odd-numbered  Figs.  3*11  through  3*17  inclusive.  If  this  material 
would  adhere  tightly  to  an  unfinished  surface  it  would  be  almost  as 
easy  to  clean  as  fiberglass  and  much  easier  and  more  economical  to 
apply. 
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rt  vill  be  noted  in  Fig.  3.10,  3*11,  3*13,  3*17  and  3*1®  that  there 
are  five  curves  exhibiting  a  positive  dope  after  the  first  pass.  Thin 
reversal  in  slope  occurs  only  for  those  combinations  of  nozzle  design  and 
roofing  material  that  result  in  maximum  removal  effectiveness.  For  this 
reason  none  of  theoc  curves  involve  the  fire  nozzle  or  composition 
shingles ♦ 

Because  each  of  the  curves  in  question  changes  slope  at  very  low 
values  of  residual  maos  (0.15  g/ft-2  or  less)  and,  hence,  at  proportion¬ 
ately  low  counting  rates,  it  is  suspected  that  the  shielded  detector  was 
operating  in  a  region  approaching  its  lower  limit  of  counting  reliability. 
The  fact  that  at  leuot  four  other  curves  (sec  Fig.  3*9.  3*12,  3*19  and 
3*20),  based  On  data  obtained  in  comparably  low  counting  regions,  exhibit 
negative  slopes  in  no  wise  weakens  ouch  a  conclusion.  13)10  lo  precisely 
the  random  results  to  be  expected  when  counting  reliability  becomes 
margi nal . 

Because  tho  slope  reversal  of  the  curves  might  also  be  caused  by 
the  statistical  uncertainty  in  the  data  points,  the  standard  deviations 
of  the  residual  masses  were  estimated  for  all  the  curves  cited.  In  five 
cases  the  deviations  were  large  enough  to  permit  a  change  in  slope.  That 
1st  the  three  curves  in  Figs.  3*10,  3*11  end  3*17  could  have  been  nega¬ 
tive,  and  the  two  in  Pigs.  3. 19  and  3. SO  positive.  However,  this  does 
not  apply  to  the  remaining  four  curves.  The  positive  olopeo  of  the  two 
curves  in  Fig.  3*13  and  3*18,  therefore,  must  be  blamed  on  low  counting 
reliability. 

3*3*2  Mass  Loading  and  Particle  Size  Effects 

Tine  effects  of  mass  loading  and  particle  size  on  nozzle  perform¬ 
ance  are  illustrated  by  the  performance  curves  in  FigG.  3*21-3*26.  These 
figures  are  arranged  by  surface  material  and  paired  to  shew  differences 
due  to  nozzle  design. 

A  cursory  examination  of  these  curves  i-evealo  two  consistent  trends 
that  are  generally  true  for  the  three  roofing  materials  represented. 

First,  the  flare  nozzle  is  more  effective  tlian  the  fire  nozzle,  especially 
when  encountering  the  smaller  particle  size  range  (08-177  u)  at  mass  load¬ 
ings  loss  than  100  g/ft  .  Second,  performance  curves  for  the  08-177  M 
size  range  tend  to  reach  what  appears  to  be  a  minimum  residual  level  after 
three  passes.  In  most  of  these  cases,  the  additional  effort  required  is 
not  Justified  by  the  small  decrease  in  residual  maos  acldeved  by  the 
third  pass. 

No  general  statements  can  be  made  concerning  the  influence  of 
particle  size  upon  hosing  effectiveness,  since  only  one  mass  loading 
(25  g/ft2)  was  tested  for  both  size  ranges.  However,  for  this  one  value, 
all  the  performance  curves  from  Fig.  3.21  to  3.26  show  that  the  larger 
300-600  |4  particles  were  more  effectively  removed  by  either  nozzle. 

This  is  consistent  with  the  findings  from  the  tests  on  asphalt  streets. 
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The  effects  of  mass  loading  on  the  firehosing  performance  varied 
according  to  surface  roughness,  particle  size  and  nozzle  decign.  For 
the  larger  300-600  p  size  range,  mo  so  loading  showed  little  influence  on 
hosing  performance,  except  in  two  cases.  These  are  evident  in  Figs.  3,24 
and  3*2‘>  Involving  the  flare  nozzle  on  corrugated  metal  and  the  fire 
nozzle  on  composition  shingles.  The  generous  separation  between  paired 
cur vos  shows  that  the  5  g/ft®  mass  .loading  was  consistently  cleaned  more 
effectively  than  the  2‘)  g/ f L 2  mass  loading  at  ail  hosing  passes . 

The  varied  effects  of  mass  loading  on  the  small  88-177  P  size 
range  are  evident  for  two  of  the  three  roof  materials : 


Fiberglass .  In  the  case  of  fiberglass,  Fig.  3.21  demonstrates 
clearly  by  the  superposition  of  the  fire  nozzle  curves  that  mass  loading 
has  no  effect  on  residual  mass.  The  lack  of  data  points  in  Fig.  3.22 
does  not  allow  for  any  related  conclusions  on  the  part  of  flare  nozzle 
performance . 

Corrugated  Metal.  Figures  3*23  and  3  >24  indicato  a  definite 
correlation  between  initio!  and  residual  mass  at  the  08-177  |.i  size 
range.  The  fire  nozzle  curves  (Fig.  3*23)  pair  up  so  that  small  mass 
loadings  of  25  g/ft2  and  less  always  exhibit  lower  residual  mass  valueD 
than  do  mass  loadings  of  50  g/ft2  and  greater' .  An  even  stronger  rela- 
tionship  between  initial  and  residual  moss  is  shown  in  Fig.  3*2.4  for 
the  flare  nozzle  by  the  sequential  spacing  of  the  performance  curves . 


Composition  Shingles .  The  fire  nozzle  performance  curves  ore 
shown  in  Fig.  3-25 •  For  particle  size  range  88  -177  U.  the  performance 
curves  do  not  seem  to  fall  in  a  consistent  relation  to  each  other  that  can 
be  explained  by  the  initial  mass  loading.  The  mixed  relationship  of  the 
curves  may  be  due  to  deposition  of  some  simulant  under  the  shingle  tabs . 
This  in  known  to  happen  but  only  in  a  non-uniform  and  highly  unpredictable 
manner.  The  flare  nozzle  curve:;  in  Fig.  3-26  are  arranged  in  such  a  way 
that  no  maos  loading  effects  are  evident;  over  the  range  of  initial  values 
from  12  to  50  g/ft  .  From  the  relation  of  the  three  superimposed  curves 
to  the  one  uppermost  in  Fig.  3-26,  it  is  apparent  that  residual  values 
associated  with  mass  loadings  of  100  g/ft2  ore  consistently  greater  than 
for  those  attributed  to  smaller  mass  loadings. 


It  should  be  pointed  out  that,  with  few  exceptions,  all  the  re¬ 
marks  concerning  removal  effectiveness  have  been  mass -oriented .  That  is, 
comparisons  have  been  made  with  respect  to  residual  muss  .  The  latter  is 
a  measure  of  absolute  effectiveness  and  was  best  suited  to  the  purposes 
of  this  report .  For  operating  manuals,  however,  the  residual  fraction 
(F)  is  preferred.  F  is  the  ratio  of  the  residual  mass  to  the  initial 
mass  and,  therefore,  is  a  measure  of  relative  effectiveness  This  quan¬ 
tity  has  been  reported  (along  with  residual  mass)  in  the  tables  of 
Appendix  A- 
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Mass  Loading  and  Particle  Size  Range  on  Hosing  Perfoma 
:zle  on  Corrugated  Metal  Roofing  Material. 


SECTION  IV 


CONCLUSIONS 


In  general,  it  may  be  concluded  for  both  asphalt  pavements  and 
roofing  materials  that: 

1.  Effectiveness  of  i*eclamation  by  flrehosing  improves  as  sur¬ 
face  roughness  decreases. 

2.  Larger  (300-600  p)  particle  sizes  are  more  easily  removed 
than  the  smaller  (88-177  p)  particle  sizes. 

3.  Removal  effectiveness  improves  with  effort,  but  the  residual 
mass  is  not  significantly  reduced  after  the  second  pass. 

k.  The  effect  of  mass  loading  upon  flrehosing  effectiveness  is 
not  predictable  because  it  varies  with  surface  roughness,  particle  size 
and  nozzle  design. 

During  the  engineering-scale  tests  on  asphalt,  the  flare  nozzle 
failed  to  exhibit  a  reclamation  performance  that  was  consistently 
superior  to  the  standard  fire  nozzle  for  a  significant  number  of  the 
combinations  of  mass  loading  and  particle  size  tested. 

The  full-scale  tests  on  asphalt  showed  that  operational  factors 
prevent  the  reclamation  effectiveness  from  ever  equaling  that  achieved 
at  an  engineering  scale  -  no  matter  haw  much  effort  is  expended.  From 
the  exposure  rate  histories  it  was  found  that  the  exposure  reduction 
factor  (hNg)  for  either  the  nozzle  man  or  the  vehicle  operator  is 
not  significantly  influenced  by  pavement  surface  roughness,  fallout 
particle  size  or  mass  loading. 

The  roof  firehosing  tests  demonstrated  the  superiority  of  the 
flare  nozzle  as  a  reclamation  tool.  Fiberglass  showed  great  potential 
as  a  durable,  easy-to-cleon  roofing  material. 
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SECTION  V 


RECOMMENDATIONS 


From  the  results  and  conclusions  obtained  in  the  series  of  fire  - 
hosing  tests ,  the  following  recommendations  are  made. 

1.  Investigate  feasibility  of  manufacture  and  distribution  of 
NRDI.  flare  nozzles  to  recoverable  communities  and  facilities  located  in 
potential  fallout  areas. 

2.  If  (1)  is  feasible,  employ  the  NRDL  flare  nozzle  on  roofs  and 
In  confined  paved  areas  where  it  is  not  possible  to  take  advantage  of 
the  long  reach  of  the  water  stream  characteristic  of  fire  nozzles. 

3*  Consider  the  use  of  smoother  surfaces,  such  as  fiberglass* 
epoxy,  for  roofs  on  vital  structures  that  ure  likely  to  require  recla¬ 
mation  soon  after  being  contaminated  by  fallout. 

k.  Conduct  tests  on  roofing  materials  at  a  larger  and  more  realis¬ 
tic  scale,  or  find  a  suitable  method  for  making  operational  adjustments 
to  the  limited -scale  test  results.  Include  the  technique  of  lobbing 
noz2led  water  streams  from  ground  level  as  part  of  these  tests. 
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APPKNDDC  A 


REDUCED  TEST  DATA 


All  tho  foregoing  firehouiiig  performance  curves  were  plotted  from 
the  data  contained  in  Tables  A.l  through  A.l6.  The  averse  initial 
mass  loadings  shown  in  these  tables  were  calculated  from  the  actual 
weight  of  material  dispersed.  Initial  radiation  and  residual  radiation 
values  represent  the  averages  of  all  survey  stations  for  a  given  test 
ureu.  The  number  of  stations  for  each  of  the  three  experiments  perform 
med  were:  engineering  scale  -  18,  full  scale  -  34,  and  roof  panels  -  2. 
Average  counts  were  normalized  to  a  Cc^O  standard,  decayed  to  an  arbit¬ 
rary  zero  time,  and  corrected  for  background.  From  these  corroded 
counts  and  the  known  maos  loading  it  was  possible  to  derive  the  average 
residual  mass  and  average  residual  fraction.  For  detailed  explanation 
see  Ref.  7>  App,  D* 

It  should  bo  noted  that  two  one-minute  counts  were  taken  at  each 
station  to  guard  against  the  collection  of  erroneous  readings.  The  rate 
and  effort  values  In  the  la3t.  two  columns  of  the  tables  were  calculated 
from  time  and  motion  studios. 

i  Standard  deviations  in  the  residua]  mass  values  ranged  from  i  .1  to 
3o  percent.  An  approximate  value  of  t  1  ‘) (,  may  be  taken  as  estimated 

average  deviation. 
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TABLE  A.  2 


Engine ©ring -Scale  Performance  Test  Results  for  Fire  Nozzle  on  Rough 
Asphalt  Pavement  (Extracted  from  1963  firehosing  test  results) 


Average 

Initial 

Mass 

(g/ft2) 

Pass 

No. 

Average 

Residual 

Mass 

M 

(s/ft2) 

Average 

Residual 

Fraction 

F 

Rate  of  Cumulative  Effort 

Removal  E 

(fj/mln)  (  Boz 

\  103  ft2  J 

Particle  Size  Range,  88-177  H 

3.76 

1 

0.63 

0.169 

484 

2,07 

2 

o.Uo 

0.106 

559 

3.86 

24.2 

1 

O.56 

0.023 

418 

2.39 

2 

0.34 

0.014 

496 

4.41 

102.5 

1 

0.71 

0.007 

346 

2.89 

2 

0.16 

0.001 

430 

5.21 

Particle  Size  Range,  300-600  \ 

X 

4.09 

1 

0.04 

0.009 

462 

2,16 

0 

0.02 

0.006 

665 

3*67 

23.4 

1 

0.26 

0.011 

451 

2.22 

2 

r\  aQ 
kj 

i-v 

596 

3*69 

TABLE  A. 3 
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Limited  Engineering  Scale  Performance  Test  Results  for  Fire  Nozzle  on  Roofing  Materials 

Particle  Size  Range  88-177  d;  Nominal  Mass  Loading  25.0  g/ffc2 
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Limited  Engineering  Scale  Performance  Test.  Results  for  Pi  re  Nozzle  on  Roofing  Materials 
Particle  Size  Range  88-177  W  Nominal  Mass  Loading  50.0  g/ft^ 


$ 

CM 


CM  <X> 
CO  Cj\ 

u'\  t-1 


-1  CM  CO  VQ  CM  CO 

t-^1  .-!  VD  CO  On 

CM  ITxCO  OJ  IT\  f— 


<M  '-I 
O  W 


Cl 


'«  6 


q  cm 

g  O',  .|J 
4.) 


(P 

nd 

* 

r— V 

4> 

to  n 

n 

<0  *rl 

d 

& 

• — i 

Cl 

4> 

a 

o 

bp 

2 

•/I 

<0 

fO 

p 

p 

•H 

c> 

4) 

to 

!> 

tl> 

It 

•A 

vu 

4) 

ff. 


3  8 

,  d  h  o 

™  T)  4^  fi 

U  •<*)  0),  Pi 

4)  «  .rlll-l  O 
4>  43  x— ' 

cc  | 


W 

<o  o 

Pi  53 


41  cH  § 

60  (M  >H 

CO  +j  ^->x. 

p  •«->  id  a 

4)  ,rl  tI  O  Pi 

f>  ci  t)|M  O 
<;  i-)  at 

P) 


4)  <H 

6o  a) 

(3  -H  W  CM 

Cl  +>  V)  e,  4 i 
4)  -rj 

4  M  **  ^ 


4) 

P 

$ 


s 

fi 

•P 


s 

rO 


f~l 

<1) 


Pt 


■p 

to 

<u 

Ch 


CD  VO  CD 
l—  t—  r— 

co  ro  <o 

(O  CO  CO 

MO  CO  VD 
t—  c—  t — 
co  (O  ro 

4-1  r- 1  r=l 

U\  IA  LA 

CM  CM  OJ 

LA  IA  1/S 

r)  r“l  r=| 

IA  LA  US 

o  o  o 

o  o  o 

o  o  o 

tfxK?8 

o  o  o 
odd 

io 

COCM 

o  o  o 
o  o  o 

dod 

0.011 

0.008 

0.008 

O  H  CM 
CD  CM  O 

("CM  Oc 

LTW  CO 

CM  H  H 

odd 

odd 

CO  o  _)■ 
s  •.  «. 
OCJ  CO 

t-QC0 

H  COtA 

»-t  ccc^a- 

00  CO  CM 

>\  >N  »> 

H  H  r~) 

H  CM  CO 

H  CM  CO 

H  CM  CO 

O 

CO 

co 

CO 

CM 

CM 

1 0 

u> 

<o 

■o 

r4 

LA 

o 

r~ 

VO 

v?5 

fM 

H 

<~i 

CM 

CO 

IA 

O 

% 

CO 

CM 

& 


1 

« 

1 

■P 

Q) 

OJ 

r-l 

H 

■ 

Lip 

.a 

8i  a 

P  VI 

4)  W 

i 

r-H 

<U 

p, 

£!  0 

*rl 

fO  flj 

u 

rO 

z 

O  Tl 

rr; 

•t\  «-) 

o 

CJ 

0) 

O  +> 

CO 

rn  i>o 

o 

-»-> 

a2« 

!  "Il'i 


I 


00 


50 


TABIE  A 


i 

I 

t 


On 


a;  u) 


co 


m 

o% 


I 


Jr-  ^  H 
cO  C'-^D 

«H  co  us 


if\ 

o\  t- 
r*i  co  * 


si68 


CM 


r-t  <V>  iT\ 


Oh  r™ 
O 


a> 

-p 
tvj  <i> 
p3  tr, 


J 

q  cvT" 

cl  K  +> 


a  m 
m  f  t  tn 
•rJ  v  «  -p 
f-l  Pi  a. 


.1.  7t!  g 

Of)  ^  «H 
*4  Tl  U  lfi| 

a>  m  cv> 

5  jg 

<2^  pCt  fx^ 


r-i 
it  at 

5)  3  W,  OJ 
w  ta  wlsi  p 
M  -.H  m  1-| 

511  U)  V  *- 

£  SI  * 

<jj  P3 


U) 


<y 


-I  (14 


-  ifc)  J> 

U  *rJ  MIh 

£  $  * 

<  rw 


V) 

</> 

& 


£ 


cO 

r-i 

i/N  1  1 

CO  cO  rO 
mnff) 

li'\  I  I  N  F/\ 

cO  cO 

r-J  -[■ 

ir\Tr\  i 

CO  CO  CO 
TAX f\"$\ 

t— 

CO 

o  »  » 

VO  VO  VQ 
CO  CO  ro 

odd 

(—  CA 
cO  (ir) 

o  d  • 

IA  tf\  u\ 
CO  CO  CO 
«  *  « 
O  O  O 

ro 

8 

qv  to.  Ov 

W  UV01 
H  O  O 

OJ  OJ 

Q  O 
©  O 

(vT-rt  0J 
O  8  8 

O  t  i 

6  6  6 

O  O  ‘ 

ddo 

OJ 

o 

• 

VO  01  CO 

0-  CO  0) 

i  4 

cl  i-| 

o  o 

C0  0J  H 
O  O  O 

O  ‘  1 

o  o  o 

O  O  1 

*  ♦  * 
o  o  o 

t  1 

coco 

t/v  uS 

VO  0J  VO 
-«J  <-{ 

*.  *\  *S 

VO  OJ  i~l 

1 

t-l  Ol  cO 

r*l  01  O') 

H  Ol  CO 

r-i  OJ  O') 

H  § 


<U  H  6 
Vp  fti  ‘H 


M  4*> 


■- 1  -  **J 

ui .  o  m< 


£  cl 
■a.  H  «; 
W 


KO 

o 

«~i 

CO 

o~> 


0- 

lA 

d0 

C  — 

f'— 

CTn 

<o 

o 

r» 

*v 

CO 

CO 

VO 

CO 

CJ 

<i>  H 
00  <tf 
CJ  ’H 
M  *P 


8  S  Si 

5  s 


<  t 


01 

p 

JH-4 

;Vu 


O') 

C- 

.d 


r”l 

0\ 

A\ 


♦ 

tr\ 


CO 

r— 

♦ 

-=f* 


<u 

o 


<0 

V; 


p 

65 


t 


t 

r-1 

<y 

•H 

U> 

Is 

Q> 

«-l 

i 

p 

V) 

i 

<C3  f) 

rC) 

pt  rj 

n 

•f  i 

0) 

o 

Oi 

n 

tj)  (\C 

)  >  -C-> 

O  »r« 

,r| 

gj 

rl 

o 

«J  0> 

*5i  +> 

O  ^-> 

00 

00 

o 

w>  s: 

f 


51 


t  TO 

i  i» 

-- 

j  .pi  ij 

'  P  C 

!  6}  0 

% 

1  ii\ 

fri  *3 

It  0  w 

0 

1  fl 

$£• 

Cv 


p 

•i 


fU 

H  *4 

Op  0 

41  b  w' 

S  8  «  £ 

ck  a'.  - 

f — 

to  «  r! 

R  to  -d 

?!  &&  “>Ji 

~l  a 

4)  4!  o 

t<i  y  ■<-» 

41  <U  -P> 

U  *H  0|U, 

to  to  to 
f»  to  J* 

<i  re  a> 


(U  03  -~ 

W)  3  0)  CM 

W  -d  »,  P 

ii  '3 

p  to  no 

<f,  (K 


TO 


8 


fc» 

$  4} 

<  « 


P  *■*> 
h  (d  ti 

TO  -,-t|M  Pt 

-  t> 


s . 

TO  O 

a*  w 


r.l 

TO  H  O 
bO  TO  T» 

<11  T-l  M  - 

t'  TO  TO,  O 
TO  -H  -rllHl 
f~  (I  -tj 
1-1  TO  •> 
03 


TO  H 
U)  TO 
TO  -d  TO 
f-l  -TO  TO 

to  vi  «i; 
>.  r;  » 
<C  pi 


CM 

ific 

"  i3 


TO 

O 

s® 

§ 

<0 


C\CO 
f  t  co 

O\00  h-vo 

ri  fT*>  lf\  j~~ 

Q\ 

r-i 

O''© 

.1  Cl 

CM  JJ  « 

CM  Jl  \D  6 

CvJ  *  1 

1  CVi  _4l" 

fKlo 

t—  r—  t'-  i— 
ICS  IAUN  l/N 

l'"* 

in 

ITS  (a 

P4  — 1  > 

-t  -y  .4  -y 

1 

1  -r  .3 

CM  CM 

CM  CM  01  CM 

CM 

CM  CM 

rsT  ^ 

-y  -(  -i'  -1 

-er 

-it  -3 

6  6  * 

dodo 

6  *  ! 

1  d  d 

IA 

m  ru 

gg 

tr\  CO  p—  tr\ 
1A  CM  f-1  r-i 

0000 

r 1 

0 

0 

01  6 
88 

*  4  •  * 

« 

•  • 

0  0  » 

0000 

0  • 

•  0  0 

t-'-o 

CM 

Q\«l 

O'- 

CM 

tn  ,h 

0  0 

10,3 

ro 

O 

O  0 

*  * 

4 

*  * 

• 

* 

«  * 

0  0  * 

ri 

0  0 

O 

O  * 

4 

O  O 

8<3 

t r\^t 


<U  ^£>  f-l  CM 
rj  *3  CO  CO 


s 


H  TO  oi  H  TO  MJ 


.-)  CM  CO  H  CM  CO 


a 


in 

& 


& 

su 

*s 

a 


H  CM 

CO  IT\ 

-it  >*i 


m 

VO 


8? 


rH 

o 

CD 

CM 


oi 

CO 

f 


CO 

CO 


i 

.-I 

,Ej 

TO  M 

<q  p 


(  I 


vl 

‘'l 

TO 

TO 

rl 

1 

1<) 

Q 

fl 

u 

TO 

S' 

fl 

TO 

1 

fl 

O 

•c»l 

.n 

53 

rft 

-t3 

O 

-ri 

rj 

•d 

d 

<l> 

O 

■P 

10 

Cm 

MO 

O 

P 

^4 

S2 


TABLE  A. II 


3 

<u 

*rl 

u 

tti 

4-> 

s? 

•H 

«UO> 
O  P 
O  <H 


uo 

8  q 

<M  CM 

f  1  ft 
M 

8  1? 

5*  -r-* 

Cl  P 

li}3 

R!  to 
to 

U  10 

o  s: 

ft 

10  0} 
P  R 


il  K 
03 

p  i 

Sf: 

rl 

4)  I 


n  w 

i  tf 

*  •  3 

M  (2 

£  ft) 
M 

Q)  *H 

«•}  CQ 
a) 

O  ill 

cn  .«i 

<j 
I  rl 

1<  IV 

Q>  W 

«i> 

a 

•r* 

til 

-o 

<tj 

p 


8’: 


1 


£i 

‘ft  jj 

!■»  in 

<u  o 

fl  <M  Jli 

|  « 

6 


ft 

o  at 


w 

2J, 

CO 

o 

f“t 


Ji 


41  o  cm 
O  S  K  P 
W  4j  *!-t 

nr,  re  • — * 


io  a 

u % »» a 


s  &« 


H  c 
W  M  5 

(/!  -j  .,•! 

«  a  t-> 

t  i  -h  y  ir«., 
At  io  at 
i>  ^ 

< 


Ui  UJ 

a;  J» 
02  6* 


VI  «  cT 

f  i  hx  £ 

«i;  <k  ' 

ft  rt 

Ci  ot  o 

Hi  *5 

41  W  •/•i|i*4  pH 
i»  <u  <a  O 
-t  0.1  «  -*p 

K 


w 


o 

ic 


a 

41  H  O 
t|>  id  -rt 
id  " '  ’  I  P 
H  P  ro 
■it  ■!■<  rtti-t 
>  R  oj 
■a!  H  <3 
0. 


K! 

op* 

o 


•1>  H 

lift  0)  V) 

«  w  < 

m  p  wis 

S?  -d * 

*-•;  t-t 


-  ,  cm 

l<)  ct  V)  P 
W  ■«■!  VJ.  prM 

W) 


*&  7^1  o 

v*03  fi 

{—  -si-  H 

\d  TSo 

h-co  MV 
VO  01  Ov 

h  m  ia 

rt  rosA 

f  I  fA  tfv 

ft  rojj 

§ss 

hi 

v§v§S 

v§§v§ 

(\i  (\l  OJ 

o-1)  ro  ro 

CM  Ji  CV1 
Mn  AO 

CM  CM  CM 

CO  fO  rD 

C V  H  CM 
>  ro  ro 

6  6  6 

odd 

O  O  O 

o  o  o 

-j  ft  <*i 
§88 

CO  AO  On 
ft  VO  jj 

("tqO 

VO  Qv  CM 

SfeS 

^  IA 

838 

o  6  d 

COO 

o  o  o 

o  o  o 

wjq 

f-t  ft 

o  o  © 

rotAVD 

CM  lAf 
o  OOT 

Jj-  ITMA 

ooo 

odd 

fi  d  d 

H  ft  o 

o  o  o 

$K?3 

M  S' 

uNsif  H 

VO  COMA 

Cv:  H  ft 

fH  H  r-i 

ft  CM  CO 

ft  CM  CO 

f  t  cm  ro 

ft  CM  rO 

O') 

O') 

rr> 

CA 

VD 

0? 

<^> 

O 

o 

cl  \ 

ri 

VJ  \ 

*v 

lA 

CM 

IA 

P] 

Cr> 

r-t 

Cvj 

OJ 

H  u> 

i-l 

vO 

•4 

Ov 


nm 

00 


CD 

9 


0  3 

•rl  I 

o)  u 
p 
I  V) 

,ci  p 

■VS 

w 


53 


CD 

9 


<l> 

o 

» 

f-i 

»  d 

3 

i 

3 

i 

Vi 

I?,*  n 

8.3 

h  ;ti 

ff 

u 

•H 

fo 

W  fj  o 

3  8  B 

E 

6 

■p  ft 
4)  (0 

P  lJ 
el  ei 

CO 

rjj  .|J 

0  w 

i^c 

'  in 

<_> 

*ii  >r, 

TABIS  a.  12 


P  P  Q  CM 

P  t-  vj  +> 

d  P  w  <o 

S  w  o  o 

3  >S  H 


OnOJ  H  tf\CO  CO  Oj 

04  p  M2  rt  m  H  co 

#  ♦  ♦  ♦  •  *  ♦ 

OJ  p  V£>  04  -44-1  04  p  * 


Vi  H  *3 

0  g)  _J3 

4)  O  04 
P  B  «  P 

OS  4)  *Vh 

«  £5  ^ 


01  «— s 

M  W  0 


voop  t" 

COA5  CA 

t—  C~ 
CA  IA 

»4* 

.»£$*  r-^ 

p  p 

OJ  OJ 

4  H  W 

OJ  04 

if 

P  PP 

p  p 

•  * 

6  o 

o  o  o 

O  O 

5B  £ 

p  -4-  ■ 


<D  W  S 
P 

v*  p  y  . 

<D  CO  CO|f*< 


IAVO 

88 

^  Vp  ir\ 
ro  oi  OJ 

OJ 

© 

04 

O 

o  o  o 

q 

o 

6  o 

o  o  o 

d 

o 

&  3  OJ 
9  tJ  W  p 

Vc  P  10 _ _  <M 

<D  co  cs  51'^'- 

>  ID  35  «5 

CK  — • 


H  O 
ID  CS  P 

'? 

S  «  £,H  & 

t>  4)  «J 

<  «  « 


0-  04  CT\ 
O  f-^o 
♦  ♦  • 
H  O  O 


IA<X>  CO 

itn  OJ  '25 
0\  CAP 

•s  *S  *S 

H  H  H 


IAV0 
(Jvt-  * 


O  O  l 


£S 

«  rl  O 
b0  CJ  P 
WPP  j~> 

M  p  Cd  0g 
fl)  P  P  H  Pc 

>  P  t3  O 

A;  M  a)  '■p 

P3 


Q>  rH  ^ 

W>  «0  04 

9  p  w  p 

Vi  P  01  0  <H 

p  n 

>  u  *£,  bO 

A;  h  ^ 


H  04  CO  H  04  CO 


H  Ol  CO 


O  P  CO 


3  P  H 

H  a>  os 

G  P  P 
0  W  V 
O  W>4S 


TABLE  A* 13 


55 


TAB73  A.lk 


A 

«5 

t 

<D 

P 


S\, 

■HCJ 
Vi  P 
O  V* 
O 

ffi  ttf 

c  o 

o  • 

S§ 

N 

§  SP 

*rl 

P 

1*1  W 

W 

d  (0 

o  52 

v* 


§ 


(A 

S 

2  . 
«  a 

w 

4>  a. 
<0 

H 
<D  e 

ooo 
d  oo 

§  i) 


€ 

(2 


a> 

o 

CO 


o 

rH 

O 

?s 

2  a 

<D  CM 

<D 

C 


-0 

O 

P 


Vi  H 

O  g 

4)  Q 

is  i 

«  « 


d 

-i 

«c 


q  w  d 
BMW  "d 
g  #  £  .  S, 


4>  ^3 


<o 

w  » 
«  o 
(X  W 


<u  H 

‘  « 


C 

o 


.  T< 

M  P 


a 

OPi 


..  .  w 

%  •$  3lH-° 

C  M  « 

IX 


<u 


.  p> 

ra 

<:  h 


o 

o 

0 

Vi 

£ 

CO 


cv 

W  P 

8isfi 

a  u> 


R- 

m 

CM 

On  on  CM 
4  0^ 

m  i  i 

on  i 

i  on  r—  o 

H 

O 

£r  t  i 

_4  -4  O 

Srkrfcr 

a 

on  i 

vo  CM  CO 

i  ^  c3  £m 

rH 

RRR 

s 

'Si'vB'S' 

d  •  • 

odd 

o  »  i 

»  odd 

§&& 

in 

O  i  i 

saa 

ooo 

odd 

1000*0 

vo  on  on 

888 

•  «  • 

i  OOO 

Average 

Residual 

Mass 

M 

(s/ft2) 

in 

O 

O  i  i 

ass 
«  «  * 
rt  H  H 

10*0 

H  VO  On 
VO  m  CM 
*  *  * 

>  ooo 

Average 

Residual 

Radiation 

I 

(cpm) 

in 

a  .  . 

O  H  ON 
US  CM  CO 
0\  on  H 

•»  »S 

CM  CM  CM 

& 

1  1 

3  SR 

I  HVO  UN 

* 

H 

H  CM  m  H  CM  CO  H  CM  CO  H  CM  on 


ITS 

on 

♦ 

VO 

o> 


I 

rH 


& 

I! 


IA 

On 

• 

vo 

On 


CO 

&  8 
B  -rC 

O  P 


SP 

CO 


On 

.4- 


I 

u  w 

<D  (0 

S3 


56 


O 

VO 

C— 

cO 

3i 

m 

4 

€ 

r~l 

CM 

-K 

•n 

•N 

N 

ON 

CO 

o 

CD 

CO 

H 

c-J 

H 

CvJ 

CM 

h* 

r- 

♦ 

CO 

a 


C)  ri 
H  O  ® 

Cl  P  P 
0  «  4) 
O  MS 


TABLE  A. 15 


m  co 
o  o 

ft  H 


VO  77> 

♦  ♦ 

H  CO  I 


H  t-  -TO 

VO  cr>  O  VO  CO  VO  CO 

•  •  <  •  ♦  %  . 

H  CO  IA  H  CO  I  H  CO 


O  O  O  O  O 

888  8  8 


o  ° 

8  8  i 


4)  TO  C! 

G  Jh  TO  -H 

■H  dJ  TO  +j  g 

H  ft  ft  sS 


CVI  CV1  CM 
CO  CO  CO 

•  *  I 

o  o  o 


O  O  t 


H  r! 

0)  03  O 
&>  s  "H 

a  x)  +■> 

3h  .H  q|ft 
4>  w  oj 

£<S£ 


hoop 

CO  CM  cm 

o  o  o 

*  4  ♦ 

O  O  O 


Is 

♦  * 

O  O  I 


H 

4)  0)  - 

tt>  TO  to  CM 

«T  <o  n.  +> 

U  -rt  MIS  ft 

4>  ra  S  ^ 

>  TO  14) 

<C  ft  nT5 


CO  i-i  On 

H  r-i  o 

•  4  4 

o  o  o 


TO  TO  O 

tap  TO  *H  o. 

to  -a  -p  g 

U  -H  TO|H  ft 

TO  TO  -H  O 

»>  TO  <0  ' — ' 

«>!  «  TO 

Oh 


O  t'~-  u\ 
R8  IA 
•> 

H 


CO  CM 
CO  < 


H  CM  CO  rH  CM  CO  HCMCO 


TO  ’H  +> 
U  -P  TO 


P  TO,  Oft 
•H  *H  |  H  U 
CTO 


<Jj  M  TO 

cs 


CO 

H 

CO 

CO 

On 

IT\ 

oo 

H 

t- 

■V 

♦v 

* 

o 

ir\ 

CO 

OJ 

oo 

TO  cH  ■ 

ti)  TO  TO  CM 


TO  OP 
TO  133  ft 


S  o  <d 

O  'H 
O  P  CO 


TO  f-l 

p  TO 

y  'TO  +> 
o  Cl  n 
u  p  s 


tl-rvn-  h-  -■ 


TAB1E  A.l 6 


■3 


co 


o 

_ 

JH  to 
to 


,CJ 

fT^t 


(0 

„s 

M  **H 


4)  m  « 


O 

lolto 


$ 


££ 


4) 


rH  O 

35 

S3,  '? 

M  -H|H  g< 


4) 

t-  4>  H3 

•5  «  « 

W 


w 

w 


rH 
I  0 
•H 
4-> 
*H 

a 

H 


c 

o 

&„°i 

tJ  o 
uj  w 

cc 


4>  rH 

to  «J  OJ 
w  *H  W  .p 
M  -P  W,  0«H 
41  ‘H  «SS 

h .«  s  w) 

<aj  H 


4) 

O 

<u 


05 


On  CO 

On  OJ  ir\ 

*4 

On  00 

H  CO 

H  CO_4 

cO 

H  CO 

•  * 

•  «  » 

ft 

«  i 

Cvl  -4  i 

OJ  ,4  VO 

OJ  I  1 

i  0J  ,4 

t—  t— 

to  l/N 

-4  -4  ■ 

•4-  .4  -4 

4-  l 

C—  f— 
l/N  l/\ 

•  -4  -4 

OJ  OJ 
-4  -4 

OJ  H  rH 
-4-4-4 

IA 

-4 

OJ  OJ 
4-4 

o  o  * 

ddo 

o  • 

•  O  O 

H  rH 
88 

C-  IA-4 
88? 

OJ  H 
88 

d  d  • 

odd 

d  t 

•  O  d 

OJ  OJ 

o  o 

8 

rH 

o 

38 

o  o  • 

6  6 

o 

d  » 

•  d  o 

CO  o  , 

’ 

Q  UACO  O 

un-4  O  O 

eg  So  F-  H  1  J 

* 
rH 

Sr§ 

CO  W  1 

rH  OJ  CO 

H  OJ  CO  H  OJ  CO 

rH  OJ  CO 

OJ 

H 

VO 

H 

IT\ 

CO 

-4 

§ 

♦» 

CO 

OJ 

rH 

VO 

CO 

rH 

3 

5 

8 

CO 

oo 

£0 

CO 

CO 

CO 

CO 

♦ 

♦ 

* 

-4; 

-4; 

-4 

~=t 

OJ 

OJ 

OJ 

OJ 

i 

i 

0> 

r— 1 

V) 

rH 

1 

1 

& 

a 

JH  W 

4)  W 

s 

Tt  H 
4*  Gj 

p«  y 

y 

o 

X)  <0 

H  H 
to  to 

•P  -P 

^3 

o 

CO 

rj  & 

-p  c/> 

o 

o 

a)  a) 
toS 

58 


* - **  -•  '  -«rv-  -=-  —  -s==  -»  — ■  ■  v  » ■  wwKtstoc- .-  j- 


Weapons  Effect s/OCD 


INITIAL  DISTRIBUTION 


Ooplea 


NAVY 

2  Commander,  Naval  Ship  Systems  Command  (SHIPS  2021 ) 

1  Commander,  Naval  Ship  Systems  Command  (SHIPS  03541) 

2  Commander,  Naval  Facilities  Engineering  Command 

1  Chief  of  Naval  Research  (Code  104) 

1  Chief  of  Naval  Research  (Code  422) 

1  Chief  of  Naval  Operations  (Op-75) 

3  CO,  Office  of  Naval  Research,  Branch  Office,  London 

1  D.  S.  Naval  Civil  Engineering  Laboratory  (Library) 

1  Director,  Naval  Research  Laboratory 

1  CO,  Naval  Training  Device  Center 

1  Commandant,  Marine  Corps  (A03H) 

ARMY 

1  Director,  Walter  Reed  Army  Institute  of  Research  (Dept,  of 

Sanitary  Engineering) 

1  Office  of  the  Surgeon  General  (Redmond) 

1  CG,  Combat  Developments  Command,  Material  Requirements  Div. 

2  Army  Logistics  Management  Center.  Fort  Lee  (Robbins) 

1  Ass't  Secretary  of  the  Army  (R&D)  (Ass't  for  Research) 

3  Army  Library,  TAGO,  Civil  Defense  Unit,  Washington 

1  The  Engineer  School,  Fort  Belvoir 

1  Army  Engineer  Research  and  Development  Laboratories  (Tech.  Lib.) 

1  Office  of  the  Chief  of  Engineers,  Joint  Civil  Defense  Support 

Group 

1  Army  Nuclear  Defense  Laboratory  (Technical  Library) 

1  Army  Nuclear  Defense  Laboratory,  Army  Chemical  Center  (Maloney) 

1  Army  Map  Service  (Code  9°0l)  (Vulnerability  Analysis) 

1  Medical  Field  Service  School  (Dept.  Prev,  Med.)  (C.  Lewis) 

1  Army  War  College  (Library) 

1  Army  Material  Office,  Directorate  of  R&D,  Fort  belvoir  (Schmidt) 

1  Chief  of  Research  and  Development  (Atdmic  Office) 

1  Deputy  Chief  of  Staff  for  Military  Operations  (CBR) 

1  Hq. ,  Dugvey  Proving  Ground 

1  CG,  Army  Electronics  Command  (AMSEL-BL-MA,  Mr.  Conover) 

1  CO,  Army  Combat  Developments  Command,  Nuclear  Group  (Delamain) 


59 


1  CO,  Amy  Combat  Developments  Command,  CDR  Agency  (Whitten) 

1  Office  of  Civil  Defense,  Training  Program  (McConnell) 

75  Office  of  civil  Defense  (Dir.  for  Research) 

AIR  FORCE 

1  Ass't  Secretory  of  the  Air  Force  (R&D) 

1  Air  University,  Maxwell  AFB  (Library) 

1  Air  Force  Special  Weapons  Center,  Kirtland  AFB  (Library) 

1  Air  Force  Special  Weapons  Center,  Kirtland  AFB  (WLRB) 

1  Director,  USAF  Project  RAND 

OTHER  POD  ACTIVITIES 

2  Institute  for  Defense  Analysis  (Knapp,  Eastman) 

1  Advanced  Research  Projects  Agency 

1  Defense  Atomic  Support  Agency,  Washington  (Library) 

1  Coiranander,  FC/DASA,  Sandia  Base 

1  Commander,  FC/DASA,  Sandia  Base  (FCTG5,  Library) 

1  Defense  Communications  Agency,  Arlington 

1  Defense  Intelligence  Agency  (D1AAP-1K2) 

1  Chief,  National  Military  Command  System  Support  Center, 

Washington 

2  Office  of  Emergency  Planning,  Research  Div.  (Oreen,  Coker) 

20  Defense  Documentation  Center 

AEC  ACTIVITIES  AND  OTHERS 

1  American  Institute  for  Research,  Pittsburgh 

2  Atomic  Energy  Commission,  Germantown  (Reports  Library,  G-017, 

Deal) 

1  Atomic  Energy  Commission,  Oak  Ridge  (Tech.  Info.  Serv.) 

1  Battelle,  N.  W.,  Richland  (Larson) 

1  Brookhaven  National  Laboratory  (Sparrow) 

1  Department  of  Agriculture,  Agricultural  Research  Service 

1  Department  of  Agriculture,  Agricultural  Research  (Ass't  to  the 

Administrator) 

1  Department  of  Commerce,  Water  and  Sewage  Industry  and 

Utilities  Division 

1  Dikewood  Corporation,  Albuquerque  (Wood) 

1  Engineering  Science,  Inc.,  Arcadia  (Ludwig) 

1  Ford  Instrument  Company,  Long  Island  City  (Polan) 

1  Geological  Survey,  Water  Resources  Division 

1  Hudson  Institute  (Kahn) 

1  IIT  Research  Institute  (Sevin) 

1  Ionics,  Incorporated,  Cambridge  (McRae) 


60 


1  Lawrence  Radiation  Laboratory,  Livermore  (shore) 

1  Merrimack  College,  North  Andover  ( Grime) 

1  Hq. ,  NAHA,  Office  of  Advanced  Research  and  Technology 

1  National  Academy  of  Sciences  (Park) 

3  Oak  Ridge  National  Laboratory  (Auerbach,  Wigner,  Parker) 

1  Office  of  Education,  Dir.,  Civil  Dcf.  Adult  Education  Staff 

1  PARM  Project 

1  Public  Health  Service,  Washington  (Parrino) 

1  Public  Health  Service,  Washington  (DREW,  Terrell) 

1  Public  Health  Service,  Las  Vogas  (Seal) 

1  RAND  Corporation  (Mitchell) 

2  Research  Triangle  Institute  (Parsons,  Ryan) 

4  Stanford  Research  Institute  (White,  Miller) 

1  Technical  Operations  Research  (Clarke) 

1  University  of  California.  Davis  (Busted) 

1  URS  Corporation  (Hawkins) 

15  Division  of  Technical  Information  Extension,  Oak  Ridge 

USNRDL 

45  Technical  Information  Division 


DISTRIBUTION  DATE:  10  October  1966 


Ul'IUUloijIl’UilJ _ 


;  c  u  n  I  v  C  l .  u ;  i  f  t  c  fi  U  o  1 1 


DOCUMENT  CONTROL  DATA  •  RG.D 

(’tS’ANirNv  of  iH1 1*.  htniy  t*f  pn (/  NH/'-Mrij,’  nniioffNfii^  Ttii.jt  h«*  uverdf  I  fctfOtt  I*  C  Jiff  *ttf«L/l 


1  OMIOINATIN  Q  ACTIVITY  <'Orri«U/»l«  author) 


U.  S,  Navu.l  Radiological  Defense  Laboratory 
Sail  Francisco,  California  9**135 


2  *  MI*f*Of1T  it  Cum  T  ^  C  LARSII  IvA  llON 

UNCLASSIFIED _ _ _ _ _ 

2  6  af«6uu 


3  «gPOMT  TlTLK 

THREE  TESTS  OF  FlliEHOSl'NG  TECHNIQUE  AND  EQUIPMENT  FOR  THE  REMOVAL  OF  FALLOUT 
FROM  ASPHALT  STREETS  AND  ROOFING  MATERIALS 


4  DESCRIPTIVE  NOTES  ( Typ *  of  report  *m/  Jftcto*rv« 


B  AUTHOFUS)  fLAif  iiiirii^  firm! 

Wiltshire,  Tyman  I.» 
Owen,  W.  Leigh 


«  nepo NT  DATE 

.18  October  .1966 


t»  con  t  iuc  r  on  mtANI  no 

6.  pnojecr  no 


7*  total  NO  OF  PAOKt  ?li  NO  OF  mKFf 

_ _ Hi _ _ _ ! _ 9 _ 

9#  oSioiNATOivi  neoonT  NUMUrnfij 

USNRl)L-TR-10*iO 


o.  0CD-T0-65-2OO(22),  Work  Unit  3212A  »6  othea  iifpout  oofS)  fAnr^linmimlNn 

x  9  r  «i/*  report) 


10  A  V  A  It  ABILITY/LIMITATION  NOTICES 

Distribution  of  this  document  is  ulimifced. 


11.  SUPPL  EMENTAfiY  NOTES 

tl  SPONSORING  MILITARY  ACTIVITY 

Office  of  Civil  Defense 

Washington,  D.C,  20310 

ty  asst  sac  r-pnis  report  describes  three  separate  firehosing  experiments.  Each  em¬ 
ployed  radio-traced  simulant  in  order  to  measure  removal  effectiveness.  Two 
of  the  experiments,  which  were  conducted  on  asphalt  streets,  concluded  the  test 
series  started  in  19^3,  The  first  experiment  investigated  the  feasibility  of 
the  NRDL  flare  nozzle  as  a  reclamation  tool  for  paved  surfaces.  The  second  ex* 
periment  consisted  of  the  full  scale  reclamation  of  a  stroot  area.  This  pro¬ 
vided  operational  data  and  firehose-crew  exposure-rate  histories.  The  third 
experiment,  which  involved  the  reclamation  of  roof  surfaces,  was  a  renewal  of 
earlier  work  performed  by  this  laboratory  between  1952  and  1958.  New  roofing 
materials  were  tried  and  particle  size  effects  were  measured. 

From  these  three  experiments  it  was  concluded  that; 

1.  Effectiveness  of  reclamation  by  firehosing  improves  as  surface  rough¬ 
ness  decreases  and  particle  size  increases, 

2.  Removal  effectiveness  improves  with  effort,  but  the  residual  mass  is 
not  significantly  reduced  after  the  second  pass. 

3.  The  flare  nozzle  is  consistently  more  effective  than  the  fire  nozzle 
in  cleaning  roof  surfaces.  This  is  not  the  case  for  paved  surfaces. 

4.  Results  from  full  scale  tests  show  that  the  removal  effectiveness  can 
never  equal  that  achieved  vuider  the  less  realistic  operating  conditions  repre¬ 
sented  by  smaller  engineering-scale  * eats. 

5.  RNp  exposure  reduction  factors  are  not  significantly  affected  by 
surface  roughness,  particle  size  or  mass  loading. 


DD  1473 


Il'.lKb  _ 

.Security  Classification 


UNCLASSIFIED _ 

Security  Classification  ~ 

KEY  WORDS 

Reclamation 

Firehosing  effectiveness 
Surface  roughness 
Residual  number  (RN2)  values 
Firehose  stream  pattern 
Fallout  mass  loading 
Particle  size 


LINK  B 
ROUE  I  V 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY:  Enter  the  name  end  addreaa 
of  the  ccni  rac*or.  snSoontrsctor,  grantee,  Department  of  De¬ 
fense  nativity  or  other  organization  ( corporate  author)  issuing 
the  report. 

2a.  REPORT  SECUT5TY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whether 
"Restricted  Data"  is  included.  Marking  >s  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2b.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  S 200.  tO  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
mu-kings  hove  been  used  for  Group  3  and  Group  4  as  author- 

ire**. 

..  tTi’OPT  TITLE:  Enter  the  complete  report  title  in  all 
.  >1  t.-t'-'f..  Titles  in  alt  cases  should  be  unclassified. 

"  .•••  .•«*••  i.iut  title  cannot  be  selected  without  classlfics- 

•t-n.  * •ttv  clnssification  in  all  capitals  In  parenthesis 

•irn-.-ri.iulv  following  the  title. 

I.  DFUCR1PTIVF,  NOTES:  If  appropriate,  enter  the  type  of 
r*TM'rt.  hr.,  interim,  progress,  summary,  annual,  or  final. 

Giw  the  in.-lusivo  dntes  when  a  specific  reporting  period  is 
covrnd. 

S.  A UT 5 tOU* S):  Enter  the  namefs)  of  authorf s)  as  shown  on 
..r  •*.  report.  Entet  last  name,  first  name,  middle  initial. 

’f  r.lilMy,  show  rank  and  hranch  of  service.  The  name  of 
the  principal  eothnr  is  an  absolute  minimum  requirement. 

f>.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  yean  or  month,  year.  If  more  than  one  date  appears 
on  (hr  report,  use  date  of  publication. 

7...  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.  e. ,  enter  the 
number  of  pages  containing  information. 

7h.  NUMBER  OF  REFERENCES:  Enter  the  totol  number  of 
lefercneer  cited  In  the  report. 

Sg.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  f.pmi  was  written. 

8b.  ttc,  A.  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

On.  ORIGINATOR'S  RFPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  bv  the  originating  activity.  This  number  must 
be  iini'iM-'  *n  fhi*i  report. 

•It.  irn‘1  K  REPORT  NUMBER(S):  If  the  report  has  been 
I.-.  ...» .  -I  -»ny  mSrr  report  numbers  (either  by  the  originator 
..r  r.<  (lie  ..mir  ..r),  also  enter  this  numbetjs). 

M.  avail  A HtJ.tTV/l .IMITATION  NOTICES:  Enter  any  Hm- 

ii .*•  •  *  >i*  ! in i hot  dissemination  of  the  report,  other  than  those 


imposed  by  security  classificstlon,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.  ” 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  r.ot  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  "U.  S.  military  agencies  may  obtain  coplea  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(5)  "All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 

M 

b 

If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sole  to  the  public,  indl- 
ente  this  fact  and  enter  the  price,  if  known. 

IL  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay 
in fi  tor)  the  research  and  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  fsctual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall' 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  rej>orts 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  (TS).  (5).  (C).  or  (V). 

There  is  no  limitaiion  on  the  length  o'  the  abstract.  How¬ 
ever,  the  suggested  lc.igth  Is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  thut  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers.  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  ns  key 
words  but  will  be  followed  by  on  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rales,  and  weights  is  optional. 


DD  1473  (BACK)  /\ycatebi0  Copy 


_  Security  Classification 


